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1CHAPTER I
INTRODUCTION
Recognition of the dam to the presence of the conceptus in the uterus, termed
"maternal recognition of pregnancy," occurs through many different mechanisms in
mammals (Geisert et al., 1994; Roberts et aI., 1996). Establishment of pregnancy involves
conceptus-endometrial relationships which inhibit luteolysis. In swine, the critical period
for maintenance of pregnancy is between Day 11 to 12 of pregnancy (see Geisert et al.,
1990). During this period, porcine conceptuses undergo a dramatic transformation from a
spheri.cal (lOmm) morphology to a long filamentous thread-like structure by Day 12 of
pregnancy (Anderson, 1978; Geisert et at, 1982). At the time of trophoblast elongation,
conceptus estrogen release redirects the secretion of endometrial PGF2a into the uterine
lumen rather than into the maternal vasculature (see Bazer et a1., 1984). Thus, uterine
secretion ofPGF2a is shifted from an endocrine to exocrine secretion between Day 12 and
]5 of gestation (Bazer et al., 1984) which permits maintenance of corpora lutea
throughout pregnancy in the pig (Bazer & Thatcher, 1977).
During the first 30 days of pregnancy, average loss of porcine embryos is
approximately 20 to 30 % (Pope, i994). However, few porcine embryos are lost (5 to
10%) before Day 12 of gestation (PoIge, 1982; Pusateri et al., 1990; Anderson et al.,
21993) or from Day 18 to Day 30 of pregnancy (Spies et aI., 1959; Perry & Rowlands,
1962). Therefore, one critical period of embryonic mortality occurs immediately following
the time of maternal recognition of pregnancy between Days 12 through 18 of early
gestation in swine.
The endometrial epithelium is the primary-limiting barrier for blood-derived
molecules that are released into the uterine lumen (McCrae, 1988). In swine, proteins
secreted from the uterine epithelial cells may play an essential role in providing proper
components for the conceptus development during early pregnancy. Moreover, release
and synthesis of porcine uterine secretory proteins is regulated by morphological changes
ofthe endometrial epithelial cens, induced by the early conceptus.
Conceptus alteration of the maternal endometrial cellular ultrastructure and
function during early pregnancy is not completely defined. Conceptus effects on
endometrial gene expression would provide information concerning endometrial changes
necessary for establishment of pregnancy. The present thesis will describe changes of
endometrial gene expression during the estrous cycle and early pregnancy of the pig. The
following review of literature covers the previously published information concerning
conceptus development, endometrial secretion and gene expression during the estrous
cycle and early pregnancy ofthe pig.
CHAPTER II
REVIEW OF THE LITERATURE
Endocrinology of the Estrous Cycle
The length of the estrous cycle in swine, defined as number of days from estrus to
initiation of the next estrus period, is approximately 21 days. The estrous cycle consists of
the follicular and luteal phases which are two distinct stages of the cycle. The follicular
phase is further divided into proestrus and estrus, while the luteal phase can be subdivided
into metestrus and diestrus.
Overall endocrine profiles for the estrous cycle in the pig are presented in Figure 1.
Hansel et al. (1973) described the endocrine changes which occur during the follicular
phase of the estrous cycle. Production of estradiol by graafian follicles from Day 15 of the
estrous cycle results in increased plasma estwgen concentrati.on in the presence of low
serum progesterone concentrations. The increased estradiol:progesterone ratio triggers
the ovulatory surge of luteinizing hormone (LH) at the onset of estrus (Hansel et al.,
1973). Estradiol~17P has a positive feedback on pulsatile gonadotrophin releasing
hormone (GnRH) release from hypothalamic neurons which increases LH secretion to
surge levels from anterior pituitary (Van de Wiel et al., 1981). Inhibin release from the
developing ovarian follicles feeds back to regulate basal concentrations of FSH from the
anterior pituitary gland (see review by Tayaet ai, 1996).
The increased pulsatile release of GnRH s6mulates increase release of LH which
peaks about 40 to 42 hour prior to ovulation of the graafian follicles (Liptrap & Raeside,
1966). The surge concentrations ofLH attain an apex about 12 hours from the beginning
of the LH surge (Van de Wiel et a1.,. 1981) with ovulation of mature graafian follicles
initiated approximately 38 to 42 hour after the onset of estrus (Du Mesilll du Buisson et
aI., 1970). Following ovulation, the concentration of LH remains low, while the
concentration of FSH increases a few days after ovulation with the decrease in follicular
inhibin release (Van de Wid, 1981). Ovulation of the graafian follicles is followed by
development of functional corpora lutea, resulting in increased concentration of plasma
progesterone gradually over the first 10 days of the estrous cycle (Hansel et aI., 1973).
Plasma progesterone remains at peak levels until it rapidly declines on Day 15 to 16 of the
estrous cycle (Hansel et al., 1973).
Luteal regression during the estrous cycle of the pig results from endometrial
release ofPGF2a after Day 12 of the estrous cycle (Bazer & Thatcher, 1977; Krzymowski
et aI., 1978; Bazer et al., 1984). Utero-ovarian venous prostaglandin F2a concentration
rises and is associated with a decline in plasma progesterone concentration on Day 14 and
15 in the cyclic pig (Moeljono et aI., 1977). With regression of the corpora lutea (eL) and
development of the next wave of foUides, concentration of estradiol-17P increases
between Day 16 and 20 of the estrous cycle, which is associated with declining follicle
stimulating honnone (FSH) levels (Van de Wiel et al., 1981).
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Figure 1. A model depicting relative hormone changes during the estrous cycle:
progest,erone (-), estrogen (A), luteinizing hormone (x), follicle
stimulating hormone ("') in the peripheral plasma, and prostaglandin F2a.
(.) in the utero-ovarian vein (adapted from Hansel et aI., 1973; Moeljono
et at, 1977; Anderson, 1993).
6Endocrinology ofEarly Pregnancy
The corpus luteum is composed of two types of steroidogenic cells: small and
large luteal cells (Niswender & Nett, 1988~Wiesak et aI., 1992). After ovulation, large
luteal cells, which originate from the granulosa cells, contribute the major amount of
progesterone synthesis (Niswender & Nett, 1988). Both, larg.e and small luteal cells have
3J3-hydroxysteroid dehydrogenase that plays an essential role in the synthesis and secretion
of progesterone (Lemon & Mauleon, 1982; Yuan et aI., 1993). Small luteal ,cells, which
are of thecal cell origin, increase progesterone synthesis in response to luteinizing
hormone (Lemon & Loir, 1977). Large luteal cells are responsible for increasing
progesterone synthesis through their interaction with small luteal cells in cell culture
(Lemon & Mauleon, 1982).
Pregnancy is terminated following removal of the ovaries during any stage of
gestation in the pig as plasma progesterone concentration rapidly declines after removal of
the ovaries (Nara et aI., 1981). Progesterone is required for maintenance of pregnancy in
the pig; therefore, the pig is totally dependent upon the corpora lutea (eL) as the primary
source of progesterone during the entire gestation (Nara et aI., 1981). The minimal basal
concentration of plasma progesterone necessary to maintain pregnancy in the pig is 6.0
nglrnl (Ellicott & Dziuk, 1973). Plasma progesterone concentrations decline on Day 12 to
15 of pregnancy followed by small increase on Day 27 to 28 (Robertson & King, 1974).
Plasma progesterone is maintained at approximately 13 to 19 ng/m1 throughout the 114
day gestation (Robertson & King, 1974).
7Luteinizing hormone (LH) plays an important rote as a luteotropic honnone in
most species (Niswender & Nett, 1988). Hypophysectomy or treatment with antiovine
LH rabbit serum does not disturb subsequent porcine corpus luteum function and
development until after Day 12 of gestation (Anderson & Melamphy, 1967; Spies et al.,
1967). Therefore, LH is important for maintaining CL function in mated or
hysterectomized pigs after Day 12 of gestation (AndersoN & Melarophy, 1967).
Concentration of basal LH does increase between Days 13 and 18 of gestation (parlow et
at, 1964).
In contrast to the estrous cycle, concentration of PGF2a. does not increase in the
utero-ovarian vein during early pregnancy (Moeljono ·et al., 1977). Basal concentration of
PGF2a. is low, and the frequency and concentration of PGF2a peaks are less in pregnant
compared to cyctic gilts (Moeljono et aI., 1977). The mechanism for regulating the
endometrial movement ofPGF2a secretion in the pig will be described later.
Migration ofEmbryos
Hunter (1974) indicated that fertilized eggs are present in the ampullary-isthrnic
jUllction within a few hours of ovulation. Embryos continue to cleave in this region of
oviduct for approximately 36 hours (Hunter, 1974). Following increased progesterone
con.centration in plasma, embryos move rapidly from the oviduct into the tips of the
uterine horns approximately 48 hours after ovulation (Dhindsa et al., 1967; Hunter, 1974).
The embryos remain near the tip of the uterine hom until Day 6 (Hunter, 1974). Porcine
blastocysts gradually migrate between the uterine horns through the adjoining uterine body
between Day 7 and 12 of pregnancy (Dziuk et at, 1964; Dhindsa et at., 1967; Anderson,
1978). The rate of embryo migration is not influenced by the number of porcine embryos
(Dziuk, 1964), as a high number of embryos migrate at the same rate as a few embryos
(Dziuk, 1985). Treatment of gilts with progesterone greatly ,accelerates the rate of
embryo migration through the oviduct (Day & Polge, 1968), which indicates that
progesterone may control embryo migration through the isthmus in the pig (Dziuk, 1985).
The activity of embryo migration throughout the uterus may involve rhythmic
myometrial contractions (Perry et at, 1973). However, intrauterine migration of porcine
embryos between Days 6 and 12 of pregnancy is not totally passive or random (perry et
al., 1973). Increased conceptus estradiol-17~ production is temporally related to the
embryo migration and increased myometrial activity in the pig (pope et aI., 1982). Silastic
beads impregnated with estradiol-17f3 stimulate intrauterine migration, while silastic beads
containing cholesterol do not affect intrauterine migration or spacing in the pig (Pope et
aI., 198281). CholesteroE-impregnated beads that are surgically placed into the uterine
lumen on Day 7 of estrous cycle do not migrate as far as estradiol-containing beads when
they are placed in opposite uterine hom (Pope et at., 1982). In estradiol-treated pigs,
cholesterol-impregnated beads introduced at the base of the uterine hom migrate less than
the beads introduced at the tip of the uterine hom (Pope et aI., 1986). Therefore, there is
an association between estradiol and position within the uterine horn for embryo
migration.
Intrauterine migration of embryos from one uterine hom to the opposite uterine
hom is complete by Day 12 of pregnancy (Dhindsa et a1., 1967), when myometrial
9contraction decreases (King et 811., 1982). Another reason uterine migration is completed
by Day 12 is trophoblast elongation prevents uterine movement (Perry, 1981). Porcine
conceptuses ,elongate by 31 rapid morphological change from a spherical to a filamentous
fonn between Day It and 12 of pregnancy (Anderson, 1978;. Geisert et 811., 1982b).
During elongation, the uterine epithelium and trophoblast come in close contact with each
other and conceptuses are positioned in a fold on the mesometrial border of the uterus
(Geisert et al., 198281). In addition, conceptuses do not overlap one another (Perry et al.,
1981). Therefore, the filamentous blastocysts do not have enough space to migrate any
further after Day 12 of pregnancy.
Conceptus secretion of prostaglandin may play an essential role in stimulating local
myometrial contraction during the migration process (perry et al.) 1973). However,
conceptuses from Day 12 gilts can overcome the inhibitory effects of indomethacin, a
prostaglandin synthetase inhibitor on uterine migration, a result which indicates that
estradiol-17~ can have a direct effect on myometrial function independent of uterine
prostaglandin release (Pope et 811., 1982). Alternatively, estradiol-17~ has an indirect
effect on myometrial function through histamine secretion (Pope et 811., 1982).
Endometrial histamine release increases uterine blood flow (Harvey & Owen) )979),
enhances myometrial activity (Wislocki & Guttamacher, 1924; Pope et 311.,. 1982), and
initiates embryo intrauterine migration (pope et 811.) 1982).
The entire uterus is occupied by conceptuses on Day 12 of pregnancy (Dhindsa et
a1.) 1967). Porcine conceptuses space equidistantly from each other and rarely overlap the
adjacent conceptus in the entire uterus on Day 12 of pregnancy (Perry et al., 1981). To
maintain the CL, porcine embryos must occupy as much uterine surface area as possible as
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at least four embryos, two in each hom, is necessary to maintain porcine CL before Day
18 of pregnancy (Polge et at, 1966; Dhindsa & Dziuk, 1968a). Embryo distribution
within the majority ofthe uterus is a critical for establishment of pregnancy and is essential
for the efficient utilization ofuterine space for embryo survival (see review by Bazer et 811.,
1982).
Establishment and Maintenance ofPregnancy
Carbohydrates, lipids, proteins, wat,er, electrolytes, and minerals are secreted from
the uterine endometrium to enable such cell functions as basic metabolism, uterine
proliferation, and establishment and maintenance of conceptus development in the pig.
Uterine function is maintained through continued secretion of progesterone from the
corpora lutea.
The main function of the corpora lutea is to synthesize and secrete progesterone,
which is essential for pregnancy throughout gestation in the pig (Ellicott et 811., 1973).
Basal secretion of luteinizing hormone is important for maintaining CL function in mated
pigs after Day 12 of pregnancy (Anderson & Melamphy, 1967). However, there is an
interaction of LH with prostaglandins on porcine luteal celt production of progesterone
(Wiesak et aI., 1992). Other hormones, such as prolactin, may also regulate luteal
function and development in pregnant pigs (Young et at, 1990).
Hyst,erectomy of the gilt before Day 12 of the estrous cycle extends the functional
lifetime of corpora lutea (Spies et aI., 1959; Flowers et aI., 1987). Thus, the porcine
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uterus secretes a luteolytic substance that plays an essential role in regulation of CL
function. Prostaglandin F2a (PGF2a.) has been demonstrated to be the luteolytic factor in
the pig, the source ofPGF2a is the uterine endometrium (Bazer, 1992). In addition, a low
quantity of PGF2a is also secreted from the ovary in the pig (Jones & Gadsby, 1993;
Olofesson. & Leung, 1994). The concentration of PGF2a: in the utero-ovarian vein
increases prior to and during luteolysis in the pig (Moe1jono et aI., 1977). Timing of
PGF2a release into the maternal vasculature is timed with the first sensitivity of the CL to
luteolysis. The pordne CL is insensitive to treatment with PGF2a. for the first 12 days of
the estrous cycle in vivo (DieW & Day, 1974). Th.e reason for the insensitivity of porcine
CL to PGF2a. before Day' 12 of the estrous cycle is thought to occur through maintenance
ofLH binding to its receptors unta Day ]0 (see Bazer et aI., 1982). However, the pig is
susceptible to the ,exogenous PGF2a. before Day 12 if gilts received multiple injections of
PGF2a. from Day 5 through 10 of the estrous cycle (Estill et aI., 1993). Shortening the
length of the estrous cycle occurs through sustained reductions in serum progesterone by
PGF2a-induced luteolysis (Estill et at, 1993). High-affinity binding sites to PGF2a are
located on large luteal cells, with low affinity sites located on sman luteal cells (Gadsby et
al., 1990). Therefore, repeated administration of PGF2a before Day 12 of the estrous
cycle r,esults in an increase of PGF2a-sensitive large luteal cells in the pig (Estill et aI.,
1993). However, porcine CL is sensitive to multiple administration of PGF2a before the
first 12 days of the estrous cycle does not mediate through PGF2a-induced receptor up-
regulation (Estill et aI., 1995). The exact mechanism(s) that involved in the development
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ofporcine CL sensitivity to multmple administration with PGF2a before Day 12 remains to
be investigated.
Decreased uterine endometrial PGF2a seer,etion into the uterine-ovarian vein during
early pregnancy is Rot mainly due to increase metabolism of PGF211 by luteal cells or
uterine endometrium (Maule Walker et al., 1977), because luteal and endometrial cells
only perform a slightly higher metabolism for PGF211 and PGE2 during early pregnancy
compared to the estrous ,cycle in the pig (Maule Walker et at, 1977). Therefore, porcine
conceptuses must induce chang,es to either inhibit PGF2a synthesis or movement in the
uterine endometrium for maternal recognition of pregnancy.
The plasma concentration of estradiol-17J3 in the utero-ovarian vein is greater in
pregnant compared to cyclic gilts between Days 12 and 17 (Moeljono et al., 1977).
Porcine conceptuses synthesize estrogen by Day 12 of pregnancy (perry et aI., 1976;
Fischer et at, 1985), and the concentrations of estrogens in porcine uterine luminal
flushings increase during rapid conceptus elongation on Day 11 and 12 of pregnancy
(Geisert et at., 1982al; Ford et aI., 1991). The importance of estrogen in maintaining the
CL in the pig was demonstrated through daily treatment of gilts with exogenous estradiol
valerate (5 mg/day) from Day 11 to 15 of the estrous cycle (Frank et al., 1977). Estrogen
administration decreased the concentration of'PGF211 in the utero-ovarian vein between
Days 12 and 20 and maintained luteal function for greater than 100 days in gilts (Frank et
at, 1977). Prolonged luteal function through Day 60 can be achieved if gilts are
administered estradiol benzoate on Day 11 and from Day 14 to 18 of the estrous cycle
(Geisert et al., 1987). These data indicate that at least two periods of estrogen
stimulation, Days 11 and 14 to ]8, are necessary for prolonged CL maintenance (Geisert
13
et aI., 1987). Estrogen synthesis and secretion by porcine uterine endometrium itself is
low during early pregnancy (Fischer et aI., 1985), therefore conceptus estrogen synthesis
and secretion acts as the major signal to protect the CL in the pig (Bazer et al., 1977).
Porcine conceptuses transform from a spherical to a long filamentous thread-like
structure by Day 12 of pregnancy (Anderson, 1978~ Geisert et aL, 1982). It is during
trophoblast elongation that conceptus estrogen release induces the secretion of
endometrial PGF2a into the uterine lumen rather than into thematemal vasculature (Bazer
et aI., 1984). Thus, uterine secretion ofPGF2a is shifted from an endocrine (into maternal
vasculature) to exocrine (into uterine lumen) secretion on Day 12 and 15 of gestation
(Bazer et 311., 1984), which permits maintenance of CL function throughout pregnancy in
the pig (Bazer et al., 1977). Therefore, estrogens produced by porcine conceptus are
luteostatic rather than luteotropic in early pregnancy as there is a change in direction of
endometrial PGF2a movement in the uterus (Bazer et al., 1984).
Estrogens may also directly affect luteal cells or stimulate luteotropic substances to
stimulate CL function and development in the pig (Christenson et a1., 1994). Although
porcine conceptus elongation occurs normally, treatment of pregnant gilts with
indomethacin interferes with pregnancy between Days 10 and 25 (KraeHng et at, 1985;
Geisert et al., 1986). These results indicate that prostaglandin synthesis is essential for
conceptus survival in the pig. During initial placental attachment, uterine luminal
concentration of prostaglandin ~ (PGE2) is greater than that of PGF2a (Geisert et a1.,
1982a). Treatment of cyclic gilts with estrogen on Day 11 to 13 increases the ratio of
PGE2 to PGF2a in the uterine lumen (Geisert et al., 1982), and intrauterine infusion of
PGE2 on Day 7 maintains progesterone secretion and CL function in cyclic gilts
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(Akinlosotu et al., 1986, 1988). PGE2 has been shown to be a luteotropic substance as it
protects the porcine CL from intra-luteal! administration PGF2a (Ford & Christenson,
1991). Conceptus PGE2 production markedly increases between Day 11 to 12 of
gestation (Davis et ai., 1983~ Geisert et aI., 1990), suggesting it plays an important
anti.luteolytic role during the period of matemal recognition of pregnancy in the pig
(Alcinlosotu et aI., 1986; Geisert et aI., 1987). Pulsatile secretion ofPGF2a and PGE2 also
increases from Day 13 to 16 in utero-ovarian vein in cyclic gilts (Christenson et a1., 1994);
however, pulsatile PGF2a secretion does not occur in pregnant gilts (Moeljono et aI.,
1977). In contrast, prostaglandin secretion peaks earlier, and PGE2 is the predominant
uterine prostaglandin that is secreted into utero-ovarian vein on Day 11 to 12 of
pregnancy (Christenson et aI., 1994). Secretion of PGE2 and PGh into the maternal
vasculature may regulate early CL development and function in the pig (Jones & Gadsby,
1993). AdditionaUy, Kennedyet a1. (1986) indicated that PGE2 receptors are present in
porcine uterine endometrium, suggesting a direct effect on uterine function as well.
The trophectoderm secretes and expresses interferons, IFN·y (Type II) and a novel
Type [ interferon, which has antiviral activity during the peri-attachment in the pig (La
Bonnardiere et aL, 1991). Interferon antiviral activity increases in the uterine lumen
between Day 11 and 17 of gestation in the pig -(Cross & Roberts, 1989). However,
interferon antiviral activity is absent in uterine flushings before Day 11 in pregnant gilts
and from Day 12 to 17 in cyclic gilts (Cross & Roberts, 1989). In uterine flushings,
interferon antiviral activity is not detected in cyclic gilts (Short et aL, 1992). However,
interferon antiviral activity attains a maximum level on Day 16 of gestation in porcine
uterine Bushings (Short et aI., 1992). Conceptus protein synthesis increases in co-cultures
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of endometrium and conceptus (Ashworth et ai., 1996). However, porcine conceptus
antiviral activity secretion decreases in the co-culture system, suggesting metabolism of
the interferon by endometrium (Ashworth et aI., 1996). Porcine conceptus-derived
interferons do not function as antiJuteolytic hormones as occurs in ruminant species
(Harney & Bazer, 19&9). In addition, conceptus-derived interferons have a paracrine
function in the pig (0'Andrea et aI., 1994).
Oxytocin stimulates uterine PGF2a secretion in the sow (Cross et at, 1988;
Kieborzet a1., 1991~ Printz et at, 1994~ Whiteaker et al., 1994, 1995). Thus, oxytocin
may regulate endometrial PGF2a. secretion during luteolysis in the pig as treatment ofsows
with oxytocin in late diestrous increased uterine PGF2a. release (Kiebora et al., 1991).
Whiteaker et a1. (1994) demonstrated that OTR is present in the endometrium of gilts on
Day 15 of the estrous cycle. Endometrial oxytocin binding affinity and om
concentrations are high during luteolysis in cyclic gilts in contrast to the low OTR
concentrations observed during early pregnancy of the pig (Okano et aI., 1996). Data
suggest that porcine conceptuses may suppress endometrial OTR expression during
pregnancy (Okano et aI., 1996). Interestingly, high quantities of oxytocin are produced by
pordne endometrium at the time of maternal recognition of pregnancy in the pig (Trout et
aI., 1995). However, the action of oxytocin 'during early pregnancy in the pig is not
mainly mediated through endometrial OTR population density (Ludwig et at, 1997).
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Embryonic Mortality
In the pig, fertilization rate is usually high as many studies have indicated that 95 to
100% ofthe oocytes ovulated are fertilized (see Pope & First, 1985). Throughout a great
number -of studies, the average number of viable embryos present at the beginning of
pregnancy in the pig is approximately 14 to 16 (see Pope & First, 1985). However, only 9
to 10 ofthese embryos usually survive to the time ofparturition (pope & First, 1985).
Embryonic mortality simply refers to the death of embryos throughout the first 30
days of gestation. Moreover, embryonic mortality covers the death of fertilized ova and
embryos by the end of placentation on Day 30 of gestation. Average loss of embryos
during the first 30 days of pregnancy is approximately 20 to 30 % (see Pope 1994).
However, few embryos (5 to 10%) are lost before Day 12 of gestation (polge, 1982;
Pusateri et aI., 1990~ Anderson et aI., 1993) or from Day 18 to 30 of pregnancy (Spies et
al., 1959; Perry & Rowlands, 1962). Therefore, the critical period of embryonic mortality
occurs between Day 12 and 18 of gestation which is the time of maternal recognition of
pregnancy and placental attachment in swine.
Length of the uterine horns may play an important role in the number of embryos
which can develop and survive. The average length of porcine uterine horns significantly
increases from Day 3 to 18 of pregnancy (Perry & Rowlands, 1962). When the amount of
uterine space per CL is between 5 to 2S em, prenatal survival is significantly correlated
with uterine space (Chen & Dziuk, 1993). However, when space per CL is above 25 em,
prenantal survival not correlated with uterine space (Chen & Dziuk, 1993). Therefore, it
appears that the conceptus needs approximately 25 em of space within the uterine hom to
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survive. Length of the uterus maybe important as porcine embryos compete for limited
space and nutritional resources (pope, 1994) as conflict may arise when uterine space
becomes a limiting factor in the pig (Roberts et aI., 1993).
Stage of conceptus development can greatly effect surviva~ of embryos in a litter.
Embryonic mortality is higher in Day 6 embryos transferred into the uterus of a Day 7
pregnant sow compared to the reciprocal transfer (pope & First, 1985), suggesting
embryos that are advanced in development can effect the survival of lesser developed
embryos (pope et aI., 1982). It is clear that more advanced conceptuses have a greater
chance of survival than their lesser developed littermates (Morgan et aI., 1987).
The Chinese Meishan pig is a model for embryonic survival as it is noted for its
high prolificacy. Meishan sows have similar ovulation rate compared with Large White
females (Bolet et aI., 1986; Bidanel et al., 1989), but Bazer et al. (1988) indicated that
ovulation rate is lower for Meishan sows than European breeds. By contrast, Meishan
sows have higher ovulation rate in comparison with Large Whites when they are
compared at similar age (Anderson et aI.., 1993; Haley & Lee, 1995). Additionally,
another study indicated that ovulation rate at puberty is similar in Meishan gilts compared
to crossbred gilts (Christenson, 1993). However, following the onset of puberty,
ovulation rate is higher in Meishan gilts than in the crossbred gilts (Christenson, 1993).
Data would indicate that Meishan females have a higher ovulation rate and are capable of
maintaining a higher level of embryonic survival when compared at a similar age.
Meishan embryos grow at a slower rate than Western breeds of swine (Ashworth
et aI., 1990; Anderson et aI., 1993; Youngs et at, 1993). Additionally, uterine placental
space between the attached embryos are significantly smaller in Meishan than in Large
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White pigs (Lee et a1, 1995). Therefore, Meishan embryos grow slowly and have greater
organization of embryonic spacing, which is responsible for high litter size of Chinese
Meishan pigs (Lee et a1., 1995). Transfer of Yorkshire embryos into a Meishan recipient
on Day 2, results in decrease conceptus diameter, content of DNA. protein, and estrogen
on Day 12 of gestation (Youngs et aL, ]994). These results suggest that it is the
environment of the uterus in a Meishan sow rather than genotype of donor embryos which
affects embryonic characteristics on Day 12 (Youngs et al., 1994). Concentration of
serum estrogen and progesterone do not significantly differ between Meishan and Large
White gilts; howev,er, tbe concentration of serum prolactin is higher in cyclic and pregnant
Meishan gilts (see Bazer et a1., 1992). In addition, the accumulation of uterine secretions
in the uterine lumen is greater in pregnant Meishan gifts, which may relate to low
embryonic mortality in Meishan gilts (Bazer et aI., 1992).
Embryonic survival can also be affected by dietary and steroid treatment. There is
a high correlation between embryonic survival and the concentration of plasma
progesterone in the gilts on a low plane of feeding, indicating that holding plasma
prog,esterone below a threshold concentration decreases porcine embryonic survival
(Jindal et at, 1996). The timing of change in feed after mating is critical on embryonic
survival in the pig (Jindal et a1., 1996). However, treatment of pigs with progesterone
does not improve conceptus development (Schultz et ai, 1966; Wildt et aI., 1976).
Administration with estradiol-17P does not cause embryonic death between Day 11 and
12 of gestation in the pig (Pope et al.,. 1987). However, exogenous estradiol-l7~ results
in the demise of the porcine embryos when administered on Day 9 and 10 of gestation
(Blair et al., 1991). Administration ofexogenous estradiol-17f3 before the critical time for
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maternal recognition of pregnancy has. been proposed to remove the uterine epithelial
surface glycocalyx which results in the failure of embryos to attach to the uterus (Blair et
aI., 1991).
Porcine embryonic mortality is based on an inherent variation of conceptuses in
survival ability at the critical time for maternal recognition of pregnancy. Information
relating to the mechanism by which the Meishan breed has greater survival compare to
commercial breeds of swine wouM have a tremendous impact on swine production.
Studies are now suggesting that the increased survival is related to slow growth of
Meishan embryos and slow released conceptus-derived estrog,en production (Ashworth et
al., 1990; Anderson et at, 1993; Youngs et aI., '1993). The reason for the difference in
embryonic survival could be rdated to the rate of conceptus development and non-
competition for uterine space available to each embryo.
Morphology ofPorcine Endometrium during the Estrous Cycle
The uterine wall of the pig is composed of serosa, myometrium, and emdometrium
(Comer, 1921). There are three different cell types in endometrial tissue: glandular
epithelium, luminal epithelium, and connective tissue stroma (Corner, 1921; Banks, 1986;
Stroband et at, 1986). The columnar uterine epithelium lining the lumen of the uterus has
a thickness of25 to 30 J,lmjust after ovulation, reaching 35 to 50 Jlm during the first week
of the estrous cycle in the pig (Corner, 1921). Just after ovulation, numerous mitotic
divisions occur in the luminal epithelium, but are not observed in deep glandular
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epithelium (Comer. 1921). When the ova pass into the uterus on Day 4 to 5 of gestation,
mitotic activity in uterine glandular epithelium is greatly diminished (Comer, 1921). The
luminal epithelial ceUs attain maximum height between Day 4 and 8 of the estrous cycle
(see review Sider et 311., 1986). Electron-dense secretory granules that are located at the
apical border of luminal epithelium fuse with the apical membrane, resulting in merocrine
secretion (see Stroband et 311.. 1986). Furthermore, these electron-dense secretory
granules release their contents and disappear between Day 8 and lOin the cyclic pig
(Stroband & Van def Lende, 1990). Luminal epithelium increases synthetic activity during
the estrous cycle in the pig (Geis,ert et 311., 198231; Str.oband et 311.. 1986; Keys & King,
1989). In contrast to luminal epithelium, glandular epithelial cens attain maximum height
between Day 9 and 12 of the estrous cycle in the pig (Sider et al., 1986). The height of
luminal epithelium ranges between 17 and 25 IJ.m on Day lOin cyclic gilts and then
increases from Day 16 to 19 following regression of CL (Keys & King, 1989). Therefore,
increasing luminal epithelial cell height corresponds to an increase in synthetic and
secretory function between Day 16 and 19 of the estrous cycle (Keys & King, 1989).
Furthermore, uterine luminal epithelial cells decrease their activity after Day 19 in cyclic
pigs (Keys & King, 1989). On Day 21 of the estrous cycle, a few mitotic divisions and
numerous cell death ofporcine epithelium are observed (Corner, 1921).
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Morphology ofPorcine Endometrium during Early Pregnancy
Comparing the endometrial morphology of pregnant and non-pregnant pigs,
several differences are apparent (Geisert et aL, 1982). In pregnant pigs, the numbers of
electron-dense secretory granu.es increase close to the basement membrane in porcine
luminal epithelium on Day 11 (Stroband & Van del Lende, 1990). In contrast, cyclic pigs
do not exhibit a significant change to the number and positioning of secretory granu.es
(Stroband et al., 1986). Moreover, the apical surface of uterine epithelium flattens in the
pregnant gilt on Day 11 and 12 of gestation, but not during the ,estrous cycle (Geisert et
al., 1982; King et al., 1982). Estrogen that derived from porcine conceptus leads to
release the contents of the secretory vesicles in porcine glandular epithelium on
approximately Day 11 of gestation (Geisert et aI., 1982a). The uterine epithelial cells and
the trophoblast become in close contact with one another when conceptus elongation is
completed.
Polysaccharides that stained by fluorescent lectins change on the porcine blastocyst
surface just before attachment (Whyt,e & Robson, 1984), suggesting that changes in the
carbohydrate composition of the blastocyst surface may facilitate the attachment process.
In addition, the trophoblast attaches to the glycocalyx covering uterine epithelial ceUs,
suggesting that reduction in glycocalyx on the surface coat is involved with initial
embryonic attachment in pregnant pigs (Dantzer, 1985). Furthermore, the- porcine uterine
glycocalyx is thicker, denser, and more fibrous between Days 13 and 19 in pregnant gilts
compared to Day 13 in- the cyclic gilt or Day 10 in pregnant gilts (Keys & King, 1992). It
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IS clear that the uterine glycocaIyx in the extraceUu~ar coat facilitates embryonic
attachment in the pig (Dantzer, 1985-; Blair et aI., 1991).
Initial attachment of the cOFlCept1lJs to the endometrium, occurs on Day 13 of
pregnancy in the pig .(Keys et aI., 1988). During attachment, protuberances are developed
on the apical surface of the porcine uterine epithelium (King et aI., 1982; Dantzer, 1985).
The phenomenon involves of interlocking of the conceptus trophectoderm and uterine
luminal surface epithelial microvilli (Dantzer, 1985; Keys & King, 1990). The porcine
conceptus is positioned and held in the uterine horn through the endometrial protrusions
and trophoblastic caps on Day 13 ofpregnancy (Dantzer et aI., 1985). Conceptus-derived
estrogen plays an essential role for the attachment process in the pig (Geisert et aI., 1982).
Additionally, conceptus-derived estrogen increases the permeability of uterine
subepithelial capillaries in the porcine conceptus on Day 13 (Keys & King, 1990).
Attachment is completed by intermingling of porcine uterine and trophoblastic microvilli
after Day 18 of gestation (Dantzer, 1985). The attachment between uterine endometrium
and blastocyst remains superficial throughout pregnancy (Dantzer, 1985).
Endometrial Secretion
The fetal and maternal circulatory systems are completely separated by fetal
chorionic tissue and uterine epithelium in the pig. Porcine conceptuses rely upon an
adequate supply of nutrient and gas exchange from the uterine epithelium to the
chorioallantois throughout the gestation period (Roberts & Bazer, 1980). As a result,
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endometrial products are released into the uterine lumen of the uterus, which provides an
adequate environment for conceptus development. The required nutrients are transported
by diffusion or by facilitated active transport into conceptuses (see Vallet et al., 1994).
There is a marked quantitative and qualitative change in the uterine lumen protein
secretion during the luteal phase of the estrous cycle (Murray et aI., 1971). Uterine
protein secretion remains stable from Day 2 to 9 of the estrous cyde (Murray et at, 1972).
However, protein concentration within the uterine lumen increases on Day 12, reaching a
maximum on Day 15 of the estrous cycle (Murrayet at, 1972). On the subsequent days
of the estrous cycle, uterine luminal pr.otein concentration decreases until the next es,trus
(Murray et aI., 1972). Synthesis of the major uterine secretory proteins is regulated by
progesterone (Catchpole, 1973; Knight et aI., 1973b) while secretion of a number of
uterine proteins can be modified by conceptus estrogen· pFoduction during pregnancy
(Geisert et aI., 1982a"b). The following will briefly review the vast number of factors
secreted by the porcine uterus during early pregnancy.
Uteroferrin (UF), a progesterone-modified glycoprotein, is synthesized by the
glandular epithelium of porcine uterine endometrium (Chen et aI., 1975; Roberts & Bazer,
1980, 1984). In addition, UP is detected in fetal liver and yolk sac in the pig, most likely
as a target and storage site for endometrial UF secretion (Roberts et a1, 1986). Porcine
uterine UF secretion increases at the time of maternal recognition of pregnancy (Geisert et
aI., 1982~ Zavy et aI., 1984). Low concentrations of UF can be detected during early
pregnancy with a second peak secretion of UF occurring after Day 30 in pregnant gilts
(Basha et at., 1979; Simmen et al.,I988b). High concentrations of UF can be detected
during mid-pregnancy and late-pregnancy in the pig (Simmen et aI., 1990). In
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ovariectomized gilts, UF secretion into th.e uterine lumen increases under progesterone
administration (Basha et aI., 1980a, b). Treatment with low doses of exogenous estrogen
alone without progesterone does not influence UF synthesis and secretion in the pig
(Basha et at, 1980). However, administration of exogenous estrogen and progesterone
increase both total endometrial secretory proteins and UF rdease in the pig (Basha et at,
1980). Uteroferrin gene expression is not effected by prolactin (Fliss et aI., [991), but
exogenous progesterone increases while ,exogenous -estrogen decreases UP mRNA
concentrations in immature and ovariectomized mature gilts (Fliss et al., 1991).
Uteroferrin acts as a major iron carrier, which transports iron from the uterus to the
developing fetus (Buill et aI., 1979; Roberts et aI., 1986). In addition, Fliss et al. (1989)
indicated that UP functions as a hematopoietic growth factor.
Retinol-binding protein (REP) is another major porcine secretory protein that is
produced by endometrial luminal and glandular epithelium during the luteal phase of the
estrous cycle and pregnancy (Adams et aI., 1981). RBP is present in porcine endometrial
tissues on Day IS of pregnancy (Harney et ai, 1994). Additionally, RBP is present in
serum, foDicular fluid, uterine flushings, allantoic fluid, and endometrial culture medium
(Vanet, 1994). REP is a major porcine conceptus secretory protein, which is detected on
Day 10 ofgestation (Harney et aI., 1990, 1994). There is a marked increase ofRBP in the
uterine lumen when conceptus elongation occurs in the pig (Trout et aI., 1992). RBP
within the uterine flushing is enhanced 7 to 8 fold when filamentous conceptuses are
present (Trout et al., 1992). Furthermore, RBP mRNA dramatically increases in the
filamentous blastocyst of the pig (Yelich et al., 1997).
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Porcine endometrial RBP gene -expression is low on Days 0, 5, and 10 of the
estrous cycle and on Day ]0 of pregnancy (Hameyet at, 1993). However, endometrial
RBP rnRNA is enhanced from Day to to 12 in cyclic and pregnant pigs (Harney et a1.,
1993). On Day 18, endometrial RBP mRNA concentrations decrease in cyclic pigs but
remain elevated in pregnant pigs (Harney et ai., 1993). Retinol, the alcohol fonn of
vitamin A, is an important nutrient for the porcine fetus (Thompson et aI., 1964). RBP
acts as a retinol carrier, which transports retinol from the uterine endometrium to
conceptus in early pregnant pigs (Adams et aI., 1981; Harney et aI., 1990, 1994).
Uncontrolled lipid peroxidation results in cell damage or death (see Vallet, 1995).
However, UF induces lipid peroxidation in porcine endometrial tissues from Day 13 to 30
(Vallet, 1995). The reaction of lipid peroxidation can be prevented by retinol-binding
protein'in vitro (Vallet, 1995). Therefore, REP may also play arofe in protecting uterine
and conceptus tissues from the activity oflipid peroxidation (Vallet, 1995).
Conversion of retin{)! to retinoic acid allows interactions with retinoic acid
receptors (RARs and RXRs), which are the members of steroid/thyroid receptor family,
and cellular binding proteins (CRBP I and IT) which bind to retinoic acid (De Luca, 1991).
Gene expression for RAR-Ct and RAR-y has been detected in Day 15 porcine conceptus
tissue (Harney et aI., 1994a). Furthermore, RAR-lX, P, and y mRNA are expressed by
spherical,eady tubular, 'ate tubular, and filamentous conceptuses in the pig (YeUch et al.,
1997). Conceptus RAR-y mRNA increases from the spherical conceptus, sHghtly
decreases at the tubular morphology, and markedly increases in filamentous (Yelich et aI.,
1997). -However, RAR...~ gene expression is low and shows no dramatic change on all
stages 'of conceptus development in the pig (Yelich et al., 1997). The main biologkal
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function of RBP is to transport retinol to the conceptus for activation ofRAR which may
play an essential role during porcine embryo development.
The porcine endometrium secretes a protein that has plasmin/trypsin inhibitory
activity (Mullins et aI., 1980). The plasmin/trypsin inhibitor (PI) is present in the luminal
epithelium (Fazleabas et aI., 1983), but not in the gLandutar epithelium (Fazleabas et 811.,
1982; Zhang et al., 1991). The synthesis and secretion of PI is influenced by either
progesterone stimulation only or a combination of progesterone and estrogen in the pig
(Fazleabas et aI., 1982). The p0rcine endometrial PI is not detected' in ovariectomized
gilts treated with ,estrogen only over a period of time (Fazleabas et ai., 1983).
Concentrations ofPI released into the porcine uterine lumen attain a maximal. level on Day
12 of pregnancy .(FazLeabas et at, 1983), which suggests that conceptus-derived estrogen
triggers endometrial PI release (Fazleabas et aI., 1983). Endometrial PI mRNA has not
been investigated during periattachment in the pig. However, gene expression for PI has
been detected high on Day 30 of gestation with a dramatic decrease thereafter (Stallings-
Mann et aI., 1994). A biologEcal function of PI is to protect the invasive porcine
trophoblast from eroding uterine epithelium (Mullins et aI., 1980; Fazleabas et 811., 1982)
which is highly invasive when placed in ectopic sites outside the uterine lumen of the pig
(Samuel & Perry, 1972).
Epidermal growth factor (EGF) is produced by the porcine endometrium and
proposed to enhance DNA synthesis (DiAugustaine et aI.. 1988). The glandular
epithelium has been demonstrated to express EGF on Day 15 through 18 of the estrous
cycle and early pregnancy in the pig (Kennedy et aI., 1994). EGF receptors have been
detected in the glandular epithelium on Day 13 in pregnant sows (Zhang et aI., 1992).
27
Additiollally, porcine endometrial gene ex.pression for EGF receptor is detected on Day 4,
13, 15, and 20 of the estrous cycle and Day 10, 12, 14, 18, and 22 of pregnancy (Kennedy
et aI., 1994). Gene expression of endometrial EGF and EGF receptor shows no marked
change during both the estrous cycle and early pregnancy (Kennedy et aI., 1994).
Heparin-binding epidermal growth factor-like growth factor (HB-EGF) is another member
of the EGF family. In cyclic pigs, the major source of HB-EGF is the ut,erine luminal
epithelium, altbough uterine glandular epithelial. and stromal cells also secrete HB-EGF
(Kim et al., 1995). lIB-EGF mRNA has been detected in a wide range of porcine body
tissues (Vaughan et al., 1992). HB-EGF mRNA is greater on Day 4 than either on Day 10
or 20 of the estrous cycle in porcine CL (Kenndy et al., 1993). However, gene expression
for HB-EGF does not been detected in oviduct and endometrium from Day 15 to 18 in
cyclic and pregnant gilts (Kenndy et a1., 1994). Overall, fIB-BGF precursors may
facilitate cell-to-cell interactions for dev,eloping porcine conceptus during early pregnancy
(Kim et at, 1995).
Transforming growth factors (TGF) are polypeptide growth hormones that have
extensive sequence homology to EGF (see review by Petraglia et aI., 1996). In addition,
EGF receptor can bind EGF, lIB-EGF, and TGFa. (Fisher & Lakshmanan, 1990). TGFa.,
TGF~, and their gene expression are present in human uterine endometrium, which may
play important roles for human embryo development (see review by Petraglia et aI., 1996).
TGFa. was originally recognized as a product of tumor tissues; therefore, the biological
functions of TGFa in normal cells need more study. TGFa. stimulates regeneration of
epithelium in human (Schultz et al., 1987). However, the exact biological functions and
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mechanisms of TGFa. in porcme conceptus and endometrium remains to be further
determined.
Conceptus TGF~I ,TGF~2, TGF~3, and their receptors are present from Day 11 to
14 in pregnant gilts (Gupta et aI., 1996); however, they remain constant in porcine
spherical and tubular conceptuses on Day 11 of gestation (Gupta et aI., 1996). TGFf3
isoforms are present in porcine embryonic disc and visceral endoderm on Day 10 and 11
of gestation with a decline from Day 12 to 14 (Gupta et aI., 1996). In swine, TGF~2
mRNA is not detected in porcine conceptuses from Day 10 and 12 of gestation (YeIi.ch et
aI., 1995). Gene expression ofTGF133 increases in spherical conceptus from Day 10 to 12
ofpregnancy with expression peaking in tubular to filamentous forms (Yelich et at, 1995).
These data indicate that TGF~s may play an essential role in conceptus differentiation and
attachment process in the pig.
Acidic FGF (aFGF), basic FGF (bFGF), and keratinocyte growth factor (kGF) are
members of fibroblast growth factor (FGF) family (Reich-Slotky et aI., 1994). The aFGF
and bFGF share a 55% amino acid sequence homology (see review by Petraglia et aI.,
I996). Both aFGF and bFGF are present in uterine flushing from Day 15 to 19 pregnant
giits (Brigstock et aI., 1989). Gene expression for bFGF shows no significant change
during the estrous cycle and early pregnancy in the pig (Katsahambas & Hearn, 1996).
Therefore, the exact biological function ofFGF during early pregnancy is unknown of this
time.
Keratinocyte growth factor (KGF), a memher of the FGF famity, is produced by
fibroblasts and is mitogenic in human epithelial cells (Marchese et aI., 1990). Endometrial
KGF mRNA is dramatically higher in the luteal phase than follicular phase in the monkey
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(Koji et al., 1'994). Gene expression for endometrial KGF is progesterone dependent (Koji
et aI., 1994; Siegfried et aI., 1995). Moreover, endometrial KGF mRNA is present higher
for cyclic gilts that are ovariectomized on Day 4 treated with. progesterone from Day 4 to
14 compared to gilts treated with ,estrogen (Tuo et 311., 1994). However, gene expression
for KGF receptor' is more dependent on estrogen than progesterone in human
endometrium (Siegfried et al., 1995). Gene expression for ,endometrial KGF markedly
increases from Day 9 to 13 and then decreases from Day 13 to 30 in pregnant gilts (Tuo et
311., 1994). These data suggest .that KGF may play important roles of endometrial
epithelial function and/or activity during early pregnancy.
Insulin-like growth factors (IGFs) are single-chain polypeptides that are
structurally related to insulin (see review by Petraglia et 311., 1996). IGF-I and IGF-II are
two major forms of IGFs, which share 62% sequence homology (see review by Petraglia
et at., 1996). Synthesis ofIGF-I by the uterine endometrium is greatest on Day 10 and 12
of gestation (Letcher et 311., 1989), which is associated with maximal secretion of
conceptus-derived estrogen at the time of maternal recognition of pregnancy in the pig
(Letcher et 311., 1989). Endometrial IGF-I gene expression peaks on Day 12 in cyclic and
pregnant gilts (Simmen et 311., 1992). In swine, endometrial IGF-binding protein-2
(IGFBP-2) mRNA is low on Day 10 (Simmen et aI., 1992) and endometrial IGF-I
receptor rnRNA shows no change during early pregnancy (Simmen et at, 1992). Present
data suggest that a developmental change in endometrial IGF gene expression occurs in
the pig. Endometrial secretion of IGF-I during ,early pregnancy is correlated with
conceptus elongation and estrogen synthesis. IGF-I stimulates P450 aromatase activity in
vitro and enhances DNA synthesis of Day 12 and I3 conceptuses (Estrada et al., 1991;
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Hofig et aI., 1991). Endometrial IGF-I appears to be involved with ,endometrial function
as endometrial IGF-I receptors are detected through Day 20 of gestation in the pig
(Chastant et at, 1994). However, IGF-I receptors are not present in early Day 4 to 10
conceptuses nor are detected in porcine placenta on Day 20 of gestation (Chastant et aI.,
1994). Therefore, there is some question as to the direct effect of IGF-I on conceptus
function. The gene expression for IGF-II and IGF-II binding proteins (IGFBP2) is
detected in luminal and glandular epithelium in the pig (Sirnmen et aI., 1990). However,
the regulation of endometrial IGFBP2 mRNA is not associated with the regulation of IGF-
I mRNA and IGF-II mRNA (Simmen et al., 1990). IGF-I, IGF-II, and their receptors may
play important roles during porcine conceptus development (Simmen & Simmen, 1993).
Interleukins (ILs) are cytokines for which fourteen isoforms have been reported,
IL-1 to ll..-14 (see review by Petraglia et aI., 1996). IL-1 and IL-6 are two distinct
inflammatory cytokines which bave been identified in human placenta (see review Petraglia
et al., 1996). Gene and protein expression for IL-1J3 are high in pig conceptuses on Days
11, 12, and B ofgestation (Tuo et aI., 1996), suggesting that increased porcine conceptus
IL-IJ3 production might be related to conceptus development during periattachment
process in the pig.
The members of IL-6 cytokine family include IL-6, leukemia inhibitory factor
(LIF), oncostatin M (OSM)~ ciliary neurotrophic factor (CNTF), ll..-ll, and
cardiotFophin-1 (CT-1) (see review by Hibi et al., 1996). In swine, IL-6 activity is present
during the estrous cycle and early pregnancy (Anegon et aI., 1995). Gene expression of
IL-6 has been detected only on Day 6 and 11 in porcine endometrium (Anegon et aI.,
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1994). However, the exact biological function of IL-6 during early pregnancy in the pig
requires more investigation.
Leukemia inhibitory factor (LIF) inhibits mouse embryonic stem cell differentiation
In vitro, stimulates hepatic acute-phase protein synthesis, induces neurotransmitter
phenotype from adrenergic to cholinergic, inhibits adipocyte lipoprotein lipase activity,
and increases bone resorption activity (see review Hilton & Gough, 1991). The uterine
concentrations of LIF are markedly elevated on Day 12 in pregnant gilts (Anegon et al.,
1994). Endometrial LIP mRNA is highly expressed on Day 11 in the pig (Aneogon et al.,
1994). These data indicate that LIF may play an important role of porcine conceptus
development at the time ofmaternal recognition ofpregnancy.
Colony-stimulating factor-l (CSF-1), a hematopoietic growth factor, is produced
by human endometrium (Sherr, 1990). In the mouse, endometrial CSF-l is regulated by
estrogen and progesterone (poUard et aI., 1987). Additionally, receptors for CSF-l are
present in mouse blastocysts during implantation (Arceci et aI., 1989), suggesting that
CSF-1 may play an important role for mouse conceptus development. In swine,
immunoreactive CSF-I is present in endometrial glandular epitheltum but not surface
epithelium on Day 0 (Tuo et aI., 1995). Immunoreactive CSF-I is located in porcine
luminal epithelium but not glandular epithelium on Day 3 of gestation (Tuo et al., 1995).
On Day 10 through 15 pregnancy, immunoreactive CSF-l is located in both. the luminal
and glandular epithelial cells in pregnant gilts (Tuo et ai, 1995). Endometrial CSF-l
rnRNA is not influenced by daily exogenous estrogen or progesterone treatment from 4 to
14 in Day 4 ovariectomized gilts (Tuo et aI., 1995) as well as in the mouse (pollard et aI.,
1987). Porcine endometrial CSF-1 mRNA level is low but increases from Day 10 to 112
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of pregnancy (Tuo et ai., 1995). However, endometrial. CSF-l gene expression during
early pregnant gilts is still remain to be determined.
Uterine-Conceptus Interactions
Successful placentation in the ptg requtres close interaction(s) between the
developing conceptus and the uterine endometrium. The porcine uterine lumen closes to
bring the uterine epithelium in close contact with itself on approximately Day 11 and 12 of
gestation (Geisert et 311., 1982b). Porcine conceptuses progress from a lOmm spherical to
elongated filamentous form (lOOmrn) within 4 to 6 hours between Day 10 and 12 of
gestation (Geisert et ai., 1982b). Following trophoblast elongation, attachment of the
conceptus to the uterine endometrium is initiated on Day 13 of pregnancy (Comer, 1921;
Keys & King, 1988). The superficial adhesion of uterine epithelium and trophectoderm
forming the epitheliochorial type placentation remains throughout entire gestation period
in the pig (King, 1993). Ultrastructual changes occur in the subepithelial capillaries of the
uterus during initial placenta development, as a result endothelial transport increases
facilitating nutrient exchange at the time of trophoblastic attachment in the pig (Keys &
King, 1988). In the pig, maternal and placental capillaries come within a few microns of
each other by late pregnancy (Strodband & Van del Lende, 1990).
Ultrastructure changes of uterine epithelium indicate metabolic activity increases
and epithelial surface changes for attachment in the pig. Porcine conceptus-derived
estrogen stimulates proliferation of uterine epithelial and glandular cells (Cathpole, 1973).
33
Initial conceptus synthesis and release of estrogen stimulate glandular epithelial cells to
release materials into the lumen at the same time (Geisert et aI., 1982a~ Fazleabas et aI.,
1983). Conceptus estrogen may either directly or through other mediating substances
regulate the uterine endometrium to facilitate embryonic attachment in the pig.
Endometrium produces many stimulatory and/or inhibito.ry factors to provide the proper
environment for conceptus development. Our laboratory has demonstrated conceptus
gene expression for retinoic acid receptors, retinol-binding protein, and transforming
growth factors on Day 10 and 12 of gestation (Yelich et aI., 1997). Endometrial gene
expression for a number of cytokines and receptors is relatively unknown at this time.
This thesis will utilize reverse transcription polymerase chain reaction (RT-peR) to
identify endometrial gene expression of selected cytokines and receptors during the
estrous cycle and early pregnancy in the pig. Identification of gene expression changes
during the estrous cycle and early pregnancy will allow a more focused approach to
determine gene products involved with establishment of pregnancy in the pig.
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CHAPTER HI
ENDOMETRIAL GENE EXPRESSION DURING
THE ESTROUS CYCLE AND
EARLY PREGNANCY
INSWlNE
Introduction
Recognition of pregnancy depends upon endometrial responsiveness to the signals
from the dam and conceptus, which occurs through many different mechanisms in
mammals (Geisertet aI., ]994; Roberts et aI., 1996). In the pig, critical period for
maternal recognition of pregnancy is between Day 11 and 12 (see Geisert et aI., 1990),
which proceeds a time of high early embryonic mortality from Day 12 to 18 of gestati.on
(pope~ 1994). . Successful establishment of pregnancy involves conceptus-endometrial
rdationships to inhibit luteolysis.
The major porcine luteolytic factor, prostaglandin F2a (PGF2a.), which is
synthesized by uterine endometrial cells (Hazer et aI., 1984~ Hazer, 1989, 1992), causes
regression of porcine corpora lut-ea. The direction of endometrial PGF2a. release from the
uterus'is shifted during early pregnancy in the pig (Moeljono et 311., 1977). The plasma
concentration of PGF2a. increases after Day 12 of the estrous cycle as a result of
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endometrial activity (Hallfor.d et aI., 1974), whiich is associated with the decline ip. p~asma
progesterone concentration from Days 14 to 17 of the estrous cycle (Guthrie & Lewis,
1986). Conceptus estradiol secr,etion increases on Day 12 in pregnant gilts (see Geisert et
aI., 1990). Porcine conceptus-derived estrogens induce endometrial PGF2tt secretion into
the uterine lumen instead of the maternal vasculature between Days 12 and 15 ofgestation
(Bazeret aI., 1984), thereby maintaining luteal function in the pig (Bazer et 811., 1992).
Administration of exogenous oxytocin stimulates uterine PGF2tt secretion in the sow
(Kieborz et al.., 1991), and increases endometrial PGF2a in vitro (Cross et aI., 1988).
Furthennore, high quantities of oxytocin are produced by porcine .endometrium at the time
of matemal recognition of pregnancy (Trout et aI., 1995). Endometrial oxytocin receptors
have been detected in cyclic gilts (Whiteaker et 811., 1994; Okano et aI., 1996) and early
pregnant gilts (Okano et aI., 1996).
Porcine endometrial estrogen receptor. (ER) increases in cyclic and pregnant pigs,
which coincides with increasing conceptus estrogen during the period of maternal
recognition of pregnancy (Geisert et 811., 1993). Therefore, conceptus estrogen secretion
can greatly influence endometrial function and secretion. Porcine uterine secretions are
essential for conceptus development during early pregnancy because the pig has a non-
invasive ~pe of placentation. Retinol binding protein (RBP), which is stimulated by
progesterone, is produced by the uterine endometrium, to transport retinol to the porcine
conceptus during early pregnancy (Adams et aI., 1981; Harney et aI., 1990, 1994).
Porcine endometrial RBP gene expression is low on Days 0, 5, and 10 of the estrous cycle
and on Day 10 of pregnancy (Harney et aL, 1993). However, endometrial RBP mRNA is
enhanced from Day 10 to 12 in cyclic and pregnant pigs (Harney et aI., 1993). On Day
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18, endometrial RBP rnRNA concentrations decr,ease in cyclic pigs but remain elevated in
pregnant pigs (Harney et aI., 1993).
Retinoic acid binds retinoic add receptors (RARs) which are the members of
steroid/thyroid receptor family (De Luca, 1991). During early pregnancy, gene expression
for RBP, RAR-a, and RAR-y has been detected in Day 15 porcine conceptus tissue
(Harneyet aI., 1994). Yelich et a1. (1997) has indicated that RAR are present in Day ]0
to 12 conceptuses. Retinoic acid can induce transfonning growth factor P3 (TGFP3)
synthesis (Sporn et al., 1986; Roberts & Sporn, 1988). TGFps may play an essential role
in porcine conceptus differentiation and attachment to the endometrial surface (Gupta et
aI., 1996; Yelich et aI., 1997).
Conoeptus effects on endometrial gene expression would provide information
concerning endometrial changes necessary for establishment of pregnancy. Conceptus
secretion of many cytokines has been established (see review by Geisert et at, 1997).
Evaluation of receptors and cytokine production and their receptors is needed to begin to
understand conceptus-uterine interactions which occurs in the pig. Reverse-transcription
polymerase chain reaction (RT-PCR) has been utilized to detection low gene expression of
growth factors and receptors (Rappolee et aI., 1989). The objective of the present paper
is to· utilize previous optimal RT-PCR conditions (Yelich et aI., 1997) to detect gene
•
expression for glyceraldehyde-3-phosphate dehydrogenase (G3PDH), p-Actin, retinol-
binding protein (RBP), estrogen receptor (ER), retinoic acid receptors (RAR~a, ~, y),
transfonning growth factor 133 (TGF~3), progesterone receptor (PR), and oxytocin
r1eceptor (OTR) in uterine endometrium from the cyclic and early pregnant gilts.
Additionally, PCR conditions were developed to determine gene expression for
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prostaglandin F2a receptor (pGF2aR) in porcine endometrium during the cyclic and early
pregnant gilts.
Materials and Methods
Endometrial collection
Postpubertal crossbred gilts at similar age (7-8 months), weight (100-130 kg) and
having expressed two complete estrous cycles were randomly assigned to either cyclic and
pregnant treatment groups. Gilts were observed for estrus behavior twice daily. Gilts
assigned to the pregnant group were mated to ferti~e boars at the onset of ,estrus (Day 0)
and 12 and 24 h later. Cyclic gilts were hysterectomiz.ed (two/day) on either Days 0, 5,
10, 12, 15, and 18 of the estrous cycle, while pregnant gilts were hysterectomized
(two/day) on either Days 10, 12, 15, and 18 of gestation (Harney et aI., 1993). Gilts were
hysterectomized following induction of anesthesia with 5% solution of thiopentone
sodium (Abbott Laboratories, North Chicago, IL) and maintenance on a dosed-circuit
system of halothane (2 to 5% !,luothane, Aveco Co., Fort Dodge, IA) and oxygen (1.0
liters/min). Uterine horns and ovaries were exposed by midventral laparotomy and
surgi~y removed. The incision site was closed and the gilt treated with antibiotic
procaine penicillin (20000IU/Kg BW) postsurgery. The uterine horns were trimmed free
ofthe broad ligament and ovaries. Uterine horns ofpregnant gilts were flushed with 20 ml
of sterile saline to recover conceptuses. Endometrial tissue was dissected from the
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underlying myometrium and snap-frozen in liquid nitrogen. Endometri.al samples were
store at -80D C until ofextraction ofRNA.
Endometrial RNA Isolation
Total RNA was obtained through guanidium/thiocynate phenol extraction
(puissant & Houdebire, 1990). Guanidium thiocyanate (10 mt) containing 2-
mercaptoethanol (78 ).11110 mt) was added to 1 g of endometrial tissue in a 50 rol sterile
tube. Tissue was homogenized on ice in a tissue homogenizer (Vir Tishear). Following
homogenization, 1 ml of 2M sodium acetate, 10 mJ water-saturated phenol and 2 ml
chloroform was added and the tube g,ently vortexed. Following centrifugation at 4000
rpm for 15 min, the upper phase was removed with disposal sterile pipette and placed in. a
new 50 ml sterile tube. Ten ml of isopropanol was added to precipitate RNA and tube
was then placed in -80De ultralow freezer for 1 h. After sample was thawed and
centrifuged at 3000 g for 10 min, the upper phase was poured off The penet was
resuspended in 2 rnl of 4 M LiCI and centrifuged at 4000 g for 15 min to repellet. The
aqueous phase was removed and the tube blotted on a dean paper towel. The resulting
pellet was resuspended in 2 ml of 10 roM Tris (pH=7.5), 1 rnM EDTA, 0.5 % SDS, and
placed in a clean 15 m1 sterile conical tube. Chloroform (2 ml) was added, tube gently
vortexed, and centrifuged at 3000 g for 10 min. The upper aqueous phase was transferred
into a new 15 rnl sterile conical tube and enough 3 M sodium acetate (pH=5.0) added to
upper phase to give 0.2 M solution. Sample was mixed with 2 m1 isopropanol and the
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tube was stored in an ultralow freezer -80°C overnight. Following thawing, tubes were
centrifuged at 3000 g for 30 min. Supernatant was poured off, tube blott,ed, 1 m1 of 70%
ethanol was added and tubes were centrifuged for 10 min at 3000 g. The aqueous phase
was poured off and each tube was blotted on clean absorbent papers. After each pellet
dried for 15 min, the pellet was resuspended in 200 j.ll TE buffer (10 mM Tris (pH=7.5), J
mM EDTA). Pellets were allowed to equilibrate at room temperature for 10 min,
vortexed gently, and transferred to 1.6 mI sterile tubes. Total RNA was quantified by
absorbance at 260nm/280nrn.
Removal ofDNA contamination from RNA
Endometrial samples of 50 j.lg total RNA were diluted in 100 J.l1 of TE buffer.
Then, 10 J.lI DNase (lU/j.lL in 10 mM Tris-Cl, pH=8.3, 50 mM Kel, 1.5 roM MgCh) was
added to the 100 J.ll RNA sample. Following vortexing, ,each tube was incubated at 37°C
for 30 min. Again, 10 III DNase was added to each tube and incubated at 37°C for 30
mID. The following reagents were added to each tube which was placed on ice: 12 fJ.I of
cold 2M sodium acetate (pH=4.5), 132 fJ.I of cold, water saturated phenol (pH=5), and
52.8 fJ.lof cold chloroform/isoamyl alcohol (49: I). After addition of reagents, tubes were
briefly vortexed. Tubes were incubated on ice for 15 min and centrifuged at 12000 rpm
for 15 min., The upper aqueous phase was carefully removed with: a microcapillary pasteur
pipette and transferred into a fresh tube. One hundred microliters of cold isopropanol was
....
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added to precipitate RNA overnight at -20°C. Following thawing and centrifugation at
12000 rpm for 15 min, the aqueous phase was discarded and the remaining pellet was
washed with 100 IJ.I of a cold 75% ethanol. Tubes were incubated on ice for 15 min and
centrifuged at 12000 rpm for 10 min. Ethanol was removed with a capillary pasteur
pipette, all droplets from the tube wall were removed. The pellet was dried for 30 min at
room temperature. The peHet was redissolved in 70 1.11 of DEPC water at room
temperature for 10 min. Following vortexing, 10 III of the sample was placed in 990 III
sterile water for spectrophotometric analysis. Purity of RNA was detennmed by
calculations of260/280 ratios.
cDNA Preparation
Total RNA was reverse transcribed to cDNA in vitro in 20 1-11 of a solution which
contained 20au of Moloney murine leukemia virus reverse transcriptase-RNase H (M-
MLV-RT) £oUowing addition of 2.0 l.d containing 15 mer oligo-dT primer (promega
Co..rpoFation, Madison, M), 2.0 J.d of dNTP, 50 mM Tris-HCl (pH=8.3), 75 mM KCI, 3
oM MgCh, 10 roM dithiothreitol, 20U of RNasin, 0.5 j,.Lg total RNA (10 III vol), and
brought to volume with ddH20 and placed in a Perkin Elmer Cetus (Norwalk, CT) DNA
Themlal Cycle Model 480. The sample was, incubated at 22°C for 15 min, followed by
incubation at 42°C for 30 min. Sample reaction was terminated by denaturing 95°C for 5
.1
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min and quickly cooling to 4°C. The cDNA sample was dilut,ed with 20 J.l.l of ddH20 and
was stored at 4°C.
peR Primers
Table 1 shows the PCR primer sequences and size of the amplified products.
Optimal conditions for PCR which were developed by Ydich et al. (1997) are presented in
Table 2. The primers for glyceraldehyde 3-pbosphate dehydrogenase (G3PlID) were
developed based on sequence homology with human (Arcari et aI., 1984) and rat (Tso et
all., 1985) G3PDH cDNA sequences. ~-Actin primers were designed based on the eDNA
sequence of pig p-Actin (GenBank Accession U07786). RBP primers were developed
from the porcine RBP eDNA sequence (Trout et aI., 1991). ER primers were based on
human ER eDNA sequence (Greene et a1., 1986). RAR-C( primer sequences are based on
homology with murine (Heiermann et aI., 1993) and human (Giguere et aI., 1987) RAR-a
eDNA sequences. The primers for RAR-P were designed based on the homology with
murine (Heiermann et aI., 1993) and human RAR-13 (Benbrook et aI., 1988), and primers
for RAR-y were based on homology with murine (Zelent et aI., 1989) and human RAR-y
(Krust et a1., 1989) eDNA sequences. The primers for TGF~3 were based TGF133 cDNA
sequence of pig (Mulheron et aI., 1992). PR and OTR primers were adapted from the
porcine eDNA sequences (Iwai et aI., 1991; Gorbulev et aI., 1993, respectively). The
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primers for PGF2a. were developed trom sequence homology between .bovine (Sakamoto
et at, 1994) and ovine (Graves et aI., 1995) PGF2a cDNA sequences.
PCR Optimization and Optimal Amplification Conditions
peR reactions were carried out in a total volume of 25 IJ.I that were covered with
25 J.d ofmineral oil. Amplification was conducted in a Perkin Elmer Cetus DNA Thennal
Cyder Model 480 (Norwalk, CT). Optimal conditions tor amplification for PGF2aR gene
marker was determined through utilization of a pooled sample of porcine endometrial
cDNA. Porcine endometrial cDNA was amplified with Taq DNA polymerase (promega;
Madison, WI) and a 3x2x3 factorial combination of primer (100, 200, or 500 nM of each
primer), deoxynucleotidetriphosphates (dNTPs; 100 or 200 IJ.M each), and MgCh (0.75,
1.5, or 2.25 mM). All samples were kept on ice and then placed into the 95°C heat block
to minimize time required for samples to attain denaturation temperature. First PCR cycle
consisted of denaturation at 95°C for 2 min, annealing at 55 °C for 1 min, and 2 min
extension at 72°C, All optimal PCRconditions for amplification are presented in Table 2.
All peR products were resolved in a 3% agarose gel at 82 V for 1.5 h. Following 30 min
staining in ethidium bromide (0.5 g/mL) and destaining in deionized water for 30 min,
agarose gels were exposed to Foto Prep I ultraviolet light source and were photographed
with a:MP4 Instant Camera System (Fotodyne, Inc. Hartland, WI). The strongest single
band of PCR product of the predicted bp size determined as the optimal peR condition.
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If extra bands were detected with the expected band, the annealing temperature of the
optimization was increased. Amplification of porcine genomic DNA was also utilized with
each optimization to determine if the primers amplified a similar size product for both
genomic DNA and cDNA All PCR results in this study yielded genomic products that
were larger than PCR products amplified from porcine endometrial cDNA. Moreover,
individual endometrial RNA samples were detected for genomic DNA contamination with
porcine microsatteUite marker PCR primers (SW-419; Rohrer et al., 1994) and no visible
PCR product was observed for an samples. In addition, all isolated total RNA utilized
spectrophotometer readings with 260/280 ratios close to 2.0 indicated little or no genomic
DNA contamination.
Verification ofPCR products
The identity of amplified PCR products was verified by restriction enzyme digest
or direct sequence analysis as previously described by Yelich et at. (1 997a,b). The identity
of progesterone receptor (PR) amplified product was verified by Drd I and Hinf I
restriction enzyme digest. The Drd I digest yielded the two predicted fragments of
approximately 77 and 223 bp while the second digest with HinfI yielded the two predicted
fragments of approximately 134 and 156 bp. The amplified PCR product for oxytocin
receptor (OTR) was identified by cutting with the restriction enzymes Pvu II and Bst YI.
The Pvu II digest yielded the two expected fragments of 136 and 616 bp. The Bst YI
digest yielded the three predicted fragments of 538, 153, and 61 bp.
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Densitometric Analysis
Following peR amplification, samples were loaded in a volume of 15 III and
separated on a 3 % agarose gel using 1 x THE running buffer. After products were
stained with ethidium bromide, bands of cDNA were photographed with illumination by
ultraviolet light. Optical density was obtained by densitometric analysis of one
dimensional electrophoretic (I-D) gels using the NllI Image 1.60 prooessing and analysis
program (National Institutes of Health). Data were analyzed as relative amounts of
mRNA transcript/l3-actin mRNA.
Statistical Analysis
Bands within each photograph of aU PCR products were measured by optimal
density analysis and then divided by the corresponding optimal density of its
corresponding 13-Actin expression. .Data were analyzed covariance by using the General
Linear Models (GLM) of the Personal Computer Statistical Analysis System (1995) to
detennine ·effect of status (cyclic v. pregnant), day of the estrous cycle or pregnancy. as
well as status and day interactions. Relative gene expression for each photograph in cyclic
status were compared with pregnant status from Day 10 to 18. Data were analyzed to
check the effect of day for each peR product from Day 0 to 18 in cyclic status, as well as
from Day 10 to 18 in pregnant status. The alpha level used to determine statistical
r--
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significance was P < 0.05. Status means where separated using least significant difference
(LSD) (Steel & Torrie, 1980).
Results
The sensitive technique of RT-peR was applied to total RNA samples isolat'ed
from cyclic and early pregnant endometrial tissues in the pig. In this manner we have
searched for detectable levels ofthe transcripts for G3PDH, f3-Actin, RBP, ER., RAR-a., 13
, y, TGFf33, PR, OTR, and PGF2aR. Each reverse-transcribed endometrial cDNA sample
was tested with the G3PDH and 13-Actin primers to determine loading errors of RNA or
cDNAacross status and day.
Results ofendometrial gene expression in cyclic and pregnant gilts are presented in
Figures 2 to 12. Levels of f3-Actin gene expression in porcine endometrium is presented
in Figure 2. Gene expression was relatively equal across days of the estrous cycle and
pregnancy. However, 13-Actin gene expression was greater (P < 0.05) in pregnant
compared to cyclic gilts. Relative levd of endometrial G3PDH gene expression (Figure 3)
is constant across aU days of the estrous cycle and early pregnancy; however, a significant
day by status interaction was detected (P < 0.05). G3PDH gene expression decreased on
Day 10 to 18 ofthe estrous cycle while remaining unchanged in pregnant gilts.
Endometrial REP mRNAexpression increased from Day 10 to 12 (P < 0.01) and
remains high between Day 12 and 18 during the estrous cycle and pregnancy (Figure 4).
A ,significant day by status effect was detected for RBP gene expression (P < 0.01).
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Additionally, gene expression for endometrial RBP is greater between Day 10 through 18
ofthe early pregnancy compared to the estrous cycle in the pig (P < 0.05).
Relative gene expression for endometrial ER is presented in Figure 5. Gene
expression for ER remains constant in porcine endometrium across all stages of the
estrous cycle and early pregnancy, but endometrial ER gene expression is greater during
pregnancy than the estrous cycle (P < 0.05).
A significant status by day interaction (p < 0.05) was detected indicating day
trends in RAR-a. mRNA in porcine endometrium varied between the estrous cycle and
early pregnancy (Figure 6). Endometrial RAR-a. mRNA in porcine endometrium was
detected on all days of the estrous cycle and early pregnancy, but was greater during early
pregnancy compared to the estrous ,cyde (P < 0.05). Porcine endometrial RAR-f3 mRNA
increased on Day 15 of pregnancy (Figure 7). In cyclic gilts, content of endometrial
mRNA for RAR-13 slightly increased from Day 0 to 12 and then was stable thereafter (P <
0.01). Gene expression for endometrial RAR-rl was greater in early pregnant compared to
cyclic gilts (p < 0.01). Endometrial RAR-y gene expression was not different and varied
across aU days of the estrous cycle and early pregnancy (Figure 8).
Endometrial TGF(33 gene expression is greater during early pregnancy (Figure 9)
than in the estrous cycle in the pig'(P < 0.05). Gene expression for endometrial TGF133 is
increased from Day 12 to 15 of the estrous cycle, but the change was not statistically
significant. Endometrial PR mRNA content (Figure 10) is greater in pregnant than in the
cyclic gilts from Day 10 through 18 (P < 0.05). Endometrial PR gene expression is
greater on Day 0 and 5 followed by a decrease on Day 10 (P < 0.05) through 18 of the
estrous cycle.
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Relative endometrial OTR gene expression is presented in Figure 11. A day by
status interaction was detected (P < 0.05). Endometrial OTR gene expression increased
from Day 10 through 18 in cyclic gilts, but-was similar across days of pregnancy. Gene
expression for endometrial OTR in pregnant gilts was higher than in cyclic gilts (P < 0.05).
Gene expression for OTR changed across the days of the estrous cycle (P < 0.05).
Endometrial OTR mRNA is high on Day 0, greatly decreasing by Day 5, foDowed by a
marked increase between Day 10 and 12 were it remained high to Day 18 of the estrous
,cycle.
Figure 12 shows that endometrial gene expression for PGF2aR. There was a day
by status interaction for porcine endometrial PGF2a.R gene expression (P < 0.01).
Compared with cyclic porcine endometrium, gene expression for PGF2a.R was significantly
greater from Day 10 to 18 during early pregnancy (P < 0.05). Endometrial PGf.2aR
mRNAincreased from Day 0 to 18 in cyclic gilts (P < 0.05).
Discussion
We have demonstrated that detectable gene expression for eleven different selected
,enzymes, proteins, cytokines, and receptors occurred during the estrous cycle and early
p,regnancy in the pig.. These induded G3PDH, fj-Actin, RBP, ER, RAR-a, (3, "(, TGFth,
PR, OTR, and PGF2oR, which may be required and play important roles for porcine
conceptus development. The critical period for maternal recognition of pregnancy in the
pig is between Day 1.1 and 12 of gestation (see Geisert et aI., 1990). Oxytocin stimulates
48
porcine endometrial PGF2a secretion (Cross et ai., 1988~ Kieborz et al., 1991; Printz et al.,
1994~ Whiteaker et al., 1994, 1995). In addition, high quantities of oxytocin are produced
by porcine endometrium at the time of maternal recognition of pregnancy (Trout et al.,
1995). Conceptus-derived estrogens alter uterine endometrial PGF2lX secretion, which
inhibits luteal regression in the pig (Bazer et aI., 1984, 1992). The pig has a non-invasive
type of placentation; therefore, uterine secretions are essential for the porcine conceptus
development during early pregnancy. In addition, conceptus-derived estrogen is
associated with protein synthesis and secretion in uterine lumen during early pregnancy in
the pig (Godkin et aI., 1982; Geisert et at., 1982, 1990).
Endometrial G3PHD and J3-Actin were analyzed to determine equal loading of
cDNA and served as controls to demonstrate level expression in each sample. Relative
levds of gene expression for G3PDH and J3-Actin in porcine endometrium were constant
throughout days of the estrous cycle and early pregnancy. Relative levels of endometrial
G3PDH and levels of J3-Actin mRNAs were higher during early pregnancy between Day
10 through 18 compared to estrous cycle. Endometrial J3-Actin rnRNA served as the
adjustment for expression of other genes. Relative levels of endometrial G3PDH mRNA
were higher in pregnant than in cyclic gilts between Day 12 and 18, which may indicate a
change in uterine metabolism induced by the early conceptuses. The present results show
that RBP mRNA in porcine endometrium is low on Days 0, 5, and 10 of the estrous cycle.
However, endometrial REP mRNA is increased from Day 10 to 12 in cyclic and pregnant
pigs. Higher RBP gene expression in porcine endometrium plays an important role in
protecting uterine and conceptus tissues from lipid peroxidation that induced by
uteroferrin (Vallet, 1995). Additionally, production of endometrial RBP suggests that
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transport of retinol from the dam into conceptus in important for establishment and
maintenance of early pregnancy in the pig (Adams et aI., 1981; Harney et aI., 1990, 1994).
Relative levels of ER gene expression in porcine endometrium showed no significant
changes between Day 10 and 18 during the estrous cycle and early pregnancy. The gene
expression patterns for endometrial REP and ER in cyclic and pregnant gilts of the present
results are similar to previous published results by Northern blot analysis (Harney et al.,
1993; Geisert et aI.,. 1993). Therefore, the present results ofRBP and ER mRNAs show
high reliability to support the other results we obtained by peR.
The results indicate that RAR-ex. and RAR-13 rnRNAs are detected throughout the
estrous cycle and early pregnancy in the pig. Moreover, higher gene expression for RAR-
ex. and RAR-13 in porcine endometrium during early pregnancy indicates that RAR-ex. and
RAR-~ rnRNAs may be regulated by the presence of porcine conceptus. Gene expression
for RAR-y is detected in the porcine endometrium, but showed no distinct change during
the estrous cycle and early pregnancy. Endometrial RAR-y gene expression is not affected
by the developing porcine conceptus, although conceptus RAR-y mRNA increased in the
spherical conceptus, slightly decreased at the tubular morphology, and markedly increases
in filamentous embryos (Yelich et aI., 1997).
Retinoic acid induces TGF133 synthesis (Sporn et aI., 1986; Roberts & Sporn,
1988). Endometrial TGF133 gene expression in porcine endometrium is higher during early
pregnancy than the estrous cycle, suggesting TGF133 may play essential roles in porcine
conceptus di.fferentiation and attachment process (Gupta et aI., 1996; Yelich et aI., 1997)
as well as in porcine uterus growth and development.
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Progesterone, a primary product from corpora lutea, is essential for maintenance
ofpregnancy in the pig (Ellicott et al., 1973). Most secretory activities ofuterine proteins
are regulated by progesterone while some are modified by estrogen (Geisert et al., 1982a,
b). Endometrial PR gene expression is high on Day 0 and 5, decreases on Day 10, and
remains low thereafter during the estrous cycle.
Endometrial OTR are present in cyclic gilts (Whiteaker et al., 1994; Okano et al.,
1996) and eady pregnant gilts (Okano et al., 1996). In the present study, endometrial
OTR rnRNA levels are highest on Day 0, markedly decline on Day 5, greatly increase
between Day 10 and 12, and then remain high throughout the estrous cycle. Therefore,
the pattern ofendometrial OTR mRNA decreased on Day 5 ofthe estrous cycle maybe the
result of increased progesterone which down-regulates oxytocin receptor. The mechanism
of higher endometrial gene expression for OTR on Day 10 and 12 of gestation results
from down-regulation of progesterone receptors that are present in the uterine epithelium
(Geisert et at, 1994b). Porcine endometrial OTR gene expression is constant but higher
between Day 12 through 18 of early pregnancy than during the estrous cycle. Moreover,
the concentrations of OTR in the porcine endometrium are lower during early pregnancy
compared to during luteolysis in cyclic gilts (Okano et al., 1996). Therefore, endometrial
OTR gene expression may be modified by progesterone synthesis and/or secretion.
Gene expression for PGF2aR in endometrium of pigs is increased from Day 0
through 18 during the estrous cycle, and is constantly expressed across all days of early
pregnancy. Results indicate that progesterone may induce PGF2a gene expression much
like RBP. Alternatively, the loss of PR in the uterine epithelium may allow the increase in
PGF2a as is observed with OTR. Endometrial PGF2aR mRNA is present higher in early
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pregnant than cyclic gilts, which indicates that endometrial PGF2C1R gene expression may
play an essential role for maintenance and establishment of ,early pregnancy in the pig.
Additionally, Kennedy et a1. (1986) indicated that PGE2 receptors are present in porcine
uterine endometrium, which implies that a direct effect on porcine uterine function.
Porcine conceptuses effect on endometria' gene expression would provide
infonnation concerning endometrial changes necessary for maintenance and establishment
ofpregnancy.
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CHAPTER IV
GENERAL DISCUSSION
The critical period for maintenance of pregnancy is between Days 11 and 12 of
gestation in the pig (see Geisert et a\., 1990). The increase in porcine conceptus-derived
estrogen secretion coincides with blastocyst elongation that begins at approximately 10
mm spherical morphology on Day 12 of gestation (Geisert et a1., 1982). Moreover,
conceptus-derived estrogens alter uterine endometrial PGF2a secretion, which inhibits
porcine CL regression (Hazer et aI., 1984, 1992). Additionally, release of conceptus
estrogen is related with increased protein synthesis and secretion in the porcine uterine
lumen during early pregnancy (Godkin et aI., 1982; Geisert et aI., 1982, 1990). In swine,
proteins secreted from the uterine epithelium may play essential roles in providing proper
components for the conceptus development during early pregnancy. However, changes of
uterine endometrial ultrastructure and function by the presence of porcine conceptuses
during early pregnancy are not completely defined.
Our results indicate that G3PDH, (3-Actin, RBP, ER, RAR-ct, ~, y, TGF~3, PR,
OTR, and PGF2aR mRNAs are detected by Day 18 in porcine endometrium during the
estrous cycle and pregnancy. Therefore, ER, RAR-a, ~, y, PR, OTR, and PGF2aR are
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major receptors of porcine uterine endometrium and may facilitate maternal recognit~on of
pregnancy in the pig.
Endometrial G3PDH and ~-Actin serve as controls to show the constant
expression in each sample. Higher endometrial gene "expression for 13-Aetin in pregnant
than cyclic gilts are utilized as the adjustment of the other present results. However,
endometrial G3PDH shows higher gene expression for pregnant than for cyclic gilts
between Day 12 and 18, and may indicate that a change in uterine metabolism induced by
the early porcine conceptuses. Porcine endometrial RBP mRNA in cyclic and pregnant
pigs has been previously reported by Harney et al. (1993), as well as endometrial ER gene
expression by Geisert et al. (1990). Endometrial RBP gene expression is low on Days 0,
5, and 10 in cyclic gilts and on Day 10 in pregnant gilts. However, RBP rnRNA in porcine
endometrium is increased from Day 10 to 12 of the estrous cycle and pregnancy.
Endometrial ER gene expression remains constant between Day 10 and IS in both statuses
in the pig. RBP and ER gene expression were utilized and compared for the reliability of
the present resuJts.
Progesterone is critical for maintenance of pregnancy in the pig (EUicot! et al.,
1973) and regulates the activity of uterine endometrial secretions in the pig (Catchpole,
1973). Progesterone receptors are present in porcine uterine endometrium, which are
stimulated by progesterone followed by estrogen priming. On Day 5, increased PR
receptor and progesterone from CL may inhibit endometrial OTR and PGF2a.R mRNAs
but stimulate gene expression for REP and RAR-P in porcine uterine endometrium. On
Day 10, endometri.a1 PR mRNA decreased by down regulation of progesterone, which
may allow gene expression for ER, RAR-I}, Om, and PGF;w.R increased in the porcine
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endometrium. Between Day 10 and 12 in cyclic gilts, endometrial gene expression for
OTRand RBP markedly increased. At the same time, gene expression for RAR-~ and
PGF2a:R in porcine endometrium slightly increased. Although REP mRNA in porcine
endometrium markedly increased from Day 10 to 12 of gestation, gene expression for ER.,
RAR.-cr, 13, y, TGFp3, PR, OTR, and PGF2aR were constant in porcine endometrium from
Day 10 to 12 of pregnancy. The present results indicate that gene expression for ER,
RAR-a., 13, y, TGFI33, PR, OTR,and PGF2aR in porcine endometrium may diliectly and/or
indirectly play roles for maintenance and establishment of pregnancy in the pig.
Moreover, endometrial ER, RBP, PR, RAR-P, OTR, and PGF2a.R gene expression are
modified by estrogen and progesterone.
Conceptus-derived estrogens play important roles for the attachment process in the
pig (Geisert et aI., 1982). However, ER gene expression in porcine endometrium is
present during the process of embryo attachment. PGF2a may not play important roles in
porcine conceptus development and elongation, but plays essential roles in placental
attachment after Day 13 in pregnant gilts (Geisert et at, 1986). In addition, metabolic
a.ctivity of uterine endometrial PGF2a. is slightly higher in early pregnant pigs (Maule
Walker et at, 1977). Endometrial PGF2a.R mRNA remains constant during early
pregnancy by Day 18 in the pig, which indicates that endometrial gene expression for
PGF2aR may play an essential role for maintenance and establishment of pregnancy in the
pIg.
The presence of porcine conceptuses in the uterus, which effect gene expression in
the uterine endometrium would provide information concerning endometrial changes
necessary for maintenance and establishment of pregnancy. However, many functions and
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regulations remain to be investigated about porcine endometrial secretions. Future studies
in porcine endometrial gene expression might be directed towards the relationships among
uterine protein secretions, gene expression,. and receptors.
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Table 1. peR primer sequences and the expected product size in base pairs (bp)
Gene marker
bp
PCR primer sequences
5' upstream/3' downstream
Product size
Glyceraldehyde-3-phosphate-
dehydrogenase
,:3-Actin
Retinol binding protein
Estrogen Receptor
Retinoic acid receptor a.
Retinoic acid receptor p
Retinoic acid receptor y
Progesterone Receptor
Transforming Growth Factorp3
Oxytocin Receptor
Prostaglandin F2a Receptor
5' ACCACAGTCCATGCCATCAC 3' 452
5' TCCACCACCCTGTTGCTGTA 3'
5' ATCTTGATCTTCATGGTGCTGGGC 3' 545
S' ACCACTGGCATTGTCATGGACTCT 3'
5' TTCCGAGTCAAAGAGAACTTCG 3' 3U
5' TCATAGTCCGTGTCGATGATCC 3'
5' GAGATCCTGATGATTGGTCT 3' 477
5' TACTGGACGACGACCTCTAC 3'
5'GCATCCAGAAGAACATGGTGT3' 392
5' CTGCTTGGCGAACTCCACAGT 3'
5' GCAGGAATGCACAGAGAGCTAT 3' 473
5' GAAGGCCTGTTTCTGTGTCAT 3'
5' GGCATGTCCAAGGAAGCTGT 3' 795
S'GTTCTCCAGCATCTCTCGGAT3'
S' CTGGAAATTCAACACTCAGTG 3' 290
S' TGAGAAGAACCGACTGGACTTCG 3'
5' ACCAACTACTGCTTCCGCAAT3' (317)
5' TGTTAGAGAGCTGCTCCACCT 3'
5' GCTGCGTCCCTATGTGTATAAGGT 3' 752
5' TACCCGAGGTTTCGGATCACAA 3'
5' TTCACTGGGAAGATAGGTT3' 446
5' TCAGAAATAGCAGCAGCAACCTT 3'
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Table 2. Optimal peR conditions for-amplification ofgJyceraidehyde-3-pbosphate
dehydrogenase. (G3PDH), Jl-actin, retinol.-binding protein (RBP), estrogen
recep,tor (ER), retinoic acid receptors (RAR-a, ~,·r), transforming growth factor
J33 (TGFj33), progesterone receptor (PR), oxytoCin r,eceptor (OTR), and
prostaglandin F2a receptor (pGF~) .
Optimal peR condit~ons ,, ,
1 "I
MgCh dNTP's 'Primer Annealing Cycle cDNA
Marker mM 11M .j.tM Temp °c. Number ilL
G3PDH 2.5 0.5 1.0 60 30 0.5
J3-Actin 3.75 0.5 2.5 65 30 0.5
RBP 2.5 0.5 2.0 55 30 0.5
ER 2.5 0.25 1.5 60 30 0.5
RAR-a. 1.25 0.25 1.5 55 35 1.0
RAR-J3 2.5 '0.5 1.5 60 30 1.0
RAR-y 1.2,5 0.25 1.5 60 35 1.0
TGFJ33 2.5 0.5 1.5 60 30 0.5
PR 2.5 0.5 1.5 65 35 0.5
OTR 2.5 0.5 1.5 65 35 0.5
PGF2aR 3.75 0.5 0.5 58 35 3.0
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Figure 2. Ethidium bromide-stained gels for ~-Actin cDNA in porcine endometrium on
Days 0, 5, 10, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114, 900, 692, 501, 489, 404, 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel. Last lane in A
is negative control (-). Corresponding. graph. (C) represents the calculated
means from scanning densitometry data of the estrous cycle (.)
(MSE=34.68157) and pregnancy (.) (MSE=B.4239).
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Figure 3. Ethidium bromide-stained gels for G3PDH eDNA in porcine endometrium on
Days 0, 5, 10, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M Lane contains the
molecular markers: 1114, 900, 692, 501, 489, 404, 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom ofthe gel. Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle (.) (MSE=2.2)
and pregnancy (.) (MSE=2.25). Sample means are expressed as a
percentage of p-Actin expression.
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Figure 4. Ethidium bromide-stained! gels for RBP cDNA in porcine endometrium on Days
0, 5, 10, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days 10, 12,
15, and 1,8.(n=2/day) of pregnancy (B). The M lane contains the molecular
markers: lU4, 900,.692, 501, 489, 404,.3~O, 242, 190, 147, 124, 110, and
67 base pairs, from the top to the bottom of the gel. Last lane in A is
negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle (• )
(MSE=14.75) and pregnancy (.) (MSE=1.875). Sample means are
expressed as a percentage oft3-Actin expression.
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Figure 5. Ethidium bromide-stained gels for ER eDNA in porcine endometrium on Days
0, 5, 10, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days 10, 12,
15, and 18 (n=2/day) of pregnancy (B). The M lane contains the molecular
markers: 1114, 900, 692, 501, 489, 404, 320, 242, 190, 147, 124, 110, and
67 base pairs, from the top to the bottom of the gel. Last lane in A is
negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle (• )
(MSE=20.16667) and pregnancy (.) (MSE=2.25). Sample means are
expressed as a percentage of p-Actin expression.
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Figure 6. Ethidium bromide-stained gels for RAR-a cDNA in porcine endometrium on
Days 0, 5, 10, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114, 900,692, 501,489,. 404, 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data ofthe estrous cycle (.) (MSE=6.75)
and pregnancy C.) (MSE=3.25). Sample means are expressed as a
percentage of (3-Actin expression.
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Figure 7. Ethidium bromide-stained gds for RAR-P cDNA in porcine ,endometrium on
Days 0, 5, 10; 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114, 900,692, 501, 489, 404, 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel. Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle (+) (MSE=1.5)
and pregnancy (.) (MSE=11.5). Sample means are expressed as a
percentage' of f3-Actin expression.
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Figure 8. Ethidium bromide-stained gels for RAR-y cDNA in pordne endometrium on
Days 0, 5, 10, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114, 900, 692, 501, 489, 4b4, 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel. Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle ( • )
(MSE=82.08333) and pregnancy (.) {MSE=ll.75). Sample means are
expressed as a percentage of f3-Actin expression.
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Figure 9. Ethidium bromide-stained gels fOf. TGF~'3 cDNA in porcine endometrium on
Days 0, 5, 10, 12, IS, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114, 900, 692, 501, 489, 404, 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel. Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle ( • )
(MSE=46.0833) and pr,egnancy (.) (MSE=5.875). Sample means are
expressed as a percentage of j3-Aetin expression.
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Figure 10. Ethidium bromide-stained gels for PR cDNA in porcine endometrium on
Days 0,5, 10, 12, 15, and 18 (n=2/day) oftne estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114, 900, 692, 501, 489, 404, 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel. Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning, densitometry data of the estrous cycle (.)
(MSE=12.58333) and pregnancy (.) (MSE=16.625). Sample means are
expressed as a percentage ofp-Actin expression. '
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Figure 11. Ethidium bromide-stained gels for OTR eDNA in porcine endometrium on
Days 0, 5, 10, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, IS, and 18 '(n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114,900,692,501, "489,404,320,242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel. Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle (• )
(MSE=25.58333) and pregnancy (.) (MSE=13.25). Sample means are
expressed as a percentage of p,-Actin expression.
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Figure 12. Ethidium bromide-stained gels for PGF2aR eDNA in porcine endometrium on
Days a, 5, la, 12, 15, and 18 (n=2/day) of the estrous cycle (A) and Days
10, 12, 15, and 18 (n=2/day) of pregnancy (B). The M lane contains the
molecular markers: 1114, 900,692, 501, 489, 404,. 320, 242, 190, 147, 124,
110, and 67 base pairs, from the top to the bottom of the gel. Last lane in A
is negative control (-). Corresponding graph (C) represents the calculated
means from scanning densitometry data of the estrous cycle (• )
(MSE=20.58333) and pregnancy (.) (MSE=7.125). Sample means are
expressed as a percentage of B-Actin expression.
69
REFERENCES
Adams KL, Bazer FW, Roberts RM. Progesterone-induced secretion of a retinol-binding
protein in the pig uterus. J Reprod Ferti11981; 62: 39-47
Akinlosotu BA, Diehl JR, Gimenez T. Sparing effects of intrauterine treatment with
prostaglandins E2 on luteal function in cyclic gilts. Prostaglandins 1986; 32: 291-
299
Akinlosotu BA, Diehl JR, Gimenez T. Prostaglandins E2 counteracts the effects of PGF2a
in indomethacin treated cyclic gilts. Prostaglandins 1988; 35: 81-93
Anderson LL. Growth, protein content and distribution of early pig embryos. Anat Res
1978; 90: 143-154
Anderson LH, Christenson LK, Christenson RK, Ford SP. Investigations into the control
of litter size in swine: n. comparisons of morphological and functional embryonic
diversity between Chinese and American breeds. J Anim Sci 1993; 71: 1566-1571
Anderson LL, Melampy RM. Reproduction in the Female Mammal. In "Hypophysial and
uterine influences on pig luteal function." (Lamming GE, and Amoroso EC, OOs),
London: Butterworth; 1967: 75-7&
Anegon I, Cuturi MC, Godard A, Moreau M, Terqui M, Martinat-Botte F, Souli1lou JP.
Presence of leukemia inhibitory factor and interleukin 6 in porcine uterine
secretions prior to conceptus attachment. Cytokine 1994; 6: 493-499
Arcari P, Martinelli R, Salvatore F. The complete sequence of a full length cDNA for
human liver glyceraldehyde-3-phosphate dehydrogenase: evidence for multiple
mRNA species. Muc Acid Res 1984; 12: 9179
Arceci R, Shanahan F, Stanley ER, Pollard JW. Temporal expression and localization of
colony stimulating factor 1 (CSF-l) and its receptor in the female reproductive
tract are consistent with CSF-l-regulated placental development. Prec Natl Acad
Sci USA 1989; 86: 8818-8858
Ashworth CJ, Haley CS, Aitken RP, Wilmut I. Embryo survival and conceptus growth
after reciprocal embryo transfer between Chinese Meishan and Landrace Large
White gilts. JReprodFertil1990; 90: 595-603
Ashworth CJ, Ross AW, Flint APF. Interrelationships of protein and oestradiol secretion
by conceptuses and endometrium from Meishan pigs on days 11-15 of pregnancy.
Arum Reprod Sci 1996~ 43: 123-135
70
Banks WI. Applied Veterinary Histology. In "Epithelia". Baltimore, Williams and
Wilkins, 1986; 52-73
Basha SMM, Bazer FW, Roberts RM. The secretion of a uterine specific, purple
phosphatase by cultured explants of porcine endometrium: dependency upon the
state ofpregnancy ofthe donor animal. BioI Reprod 1979; 20: 431-441
Bazer FW. Mediators of maternal recognition of pregnancy in mammals. Proc Soc Exper
BioI Med 1992; 199: 373-384
Bazer FW, Geisert RD, Thatcher WW, Roberts RM. The establishment and maintenance
of pregnancy. In "Control of Pig Production." (Cole DJA, and Foxcroft GR, 'eds).
Butterworths: London; 1982: 227-252
Bazer FW, Marengo SR, Geisert RD, Thatcher WW. Exocrine versus endocrine secretion
of prostaglandin F2o. in the control of pregnancy in swine. Anim Reprod Sci 1984;
7: 115-132
Hazer FW, Thatcher WW. Theory of maternal recognition of pregnancy in swine based
on estrogen controlled endocrine versus exocrine secretion of prostaglandin F2o. by
the uterine endometrium. Prostaglandins 1977; 14: 397-401
Hazer FW, Thatcher WW, Matinat-Botte F, Terqui M. Conceptus development in Large
White and prolific Chinese Meishan pigs. JReprod Fertil1988; 84: 37-42
Bazer FW, Thatcher WW, Matinat-Botte F, Terqui M, Lacroix Me, Bernard S, Revault
M, Dubois DH. Composition of uterine flushings from Large White and prolific
Chinese Meishan gilts. BioI Reprod 1992; 47-60
Bazer FW, Vallet JL, Harney JP, Gross TS, Thatcher WW. Comparative aspects of
maternal recognition of pregnancy between sheep and pigs. J Reprod Fertil 1989;
37: 85-89
Benbrook D, Lernherdr E, PfaW M. A new retinoic receptor identified from a
heptacellular carcinoma. Nature 1988; 333: 669
Bidanel JP, Caritez IC, Legault C. Estimation of crossbreeding parameters between Large
White and Meishan porcine breeds. I. Reproductive performance. Genetics,
Selection, Evolution 1989; 21: 507-526
Blair RM, Geisert RD, Zavy MT, Yellin T, Fulton RW, Short EC. Endometrial surface
and secretory alterations associated with embryonic mortality in gilts administered
estradiol valerate on Days 9 and 10 of gestation. Bioi Reprod 1991; 44: 1063-
1079
71
Bolet G, ~rtinat-~otteF, Lo~telli A, Gruand J, Terqui M, Berthelot F. Components of
prolificacy 10 hyperprolific Large White sows compared with the Meishan and
Large White breeds. Genetique, Selection, Evolution 1986, 18: 333-342
Brigstoc D~. Puri~cation of heparin-binding epidennal growth factor from pig uterine
lurrunal flushings, and its production by endometrial tissues. BioI Reprod 1995'
52: 561-571 '
Brigstock DR, Heap RB, Brown KD. Polypeptide growth factors in uterine tissues and
secretions. J Reprod Fertil 1989; 85: 747-758
Buhi W, Bazer FW, Ducsay C, Chun PW, Roberts RM. Iron content, molecular weight
and possible function of the progesterone-induced purple glycoprotein. Fed Prec.
Am. Soc Exp. BioI 1979; 38: 727-733
Catchpole HR. In "The Inflammatory Process." (Zweifach BM, Grant L, and McCluskey
RT, eds.). Academic Press, New York, 1973; 121
Centola GM, Cisar M, Knab DR Establishment and morphologic characterization of
normal human endometrium in vitro. In "Vitro Cellular and Developmental
Biology" 1984; 20: 451-462
Chastant S, Monget P, Terqui M. Localization and quantification of insulin-like growth
factor-I (IGF-I) and IGF-Wmannose-6-phosphate (IGF-II/M6P) receptors in pig
embryos during early pregnancy. BioI Reprod 1994; 51: 588-596
Chen TT, Bazer FW, Gebhardt BM, Roberts RM. Uterine secretions in mammals:
synthesis and placental transport ofa purple acid phosphatase in pigs. Bioi Reprod
1975; 13: 304-313
Chen ZY, Dziuk PJ. Influence of initial length of uterus per embryo and gestation stage
on prenatal survival, development, and sex ratio in the pig. J Anim Sci 1993; 71:
1895-1901
Christenson RK. Ovulation rate and embryonic survival in Chinese Meishan and White
crossbred pigs. J Anim Sci 1993; 71: 3060-3066
Christenson LK, Farley DB, Anderson LH, Ford SP. Luteal maintenance during early
pregnancy in the pig: role fOT prostaglandin E2. Prostaglandins 1994; 47: 61-75
Clark JH, Peck EJ, Glasser SR. In "Reproduction in Domestic Animals" (Cole HH and
Cupps PT,eds.), Academic press, New York, 1977: 143
Corner GW. Cyclic changes in the ovaries and uterus of the sow, and their relation to the
mechanism ofimplantation. Contr. Embryo Carnegie Ins1., 1921: 117-146
72
Comer GW. Internal migration of the ovum. Bull. Johns Hopkins Hosp 1921: 361-378
Cross J, Roberts M. Porcine conceptuses secrete an interferon during the preattachment
period ofearly pregnancy. BioI Reprod 1989; 40:. 1109-1118
D'Andrea S, Chousterman S, Flechon JE, La Bonnardiere C. Paracrineactivities of
porcine trophoblastic interferons. JReprod Fertil1994; 102: 185-194
Dantzer V. Electron microscopy of the initial stages of placentation in the pig. Anat
Embryo11985; 172: 281-293
Day BN, Polge C. Effect of progesterone on fertilization and egg transport in the pig. J
Reprod FertH 1968; 17: 227-230
Davis DL, Blair RM. Studies of uterine secretions and products of primary cultures of
endometrial cells in pigs. JR,eprod Fertil1993; 48: 143-155
Davis DL, Pakrasi PL, Dey SK. Prostaglandins in swine blastocysts. BioI Reprod 1983;
28: 1114-1118
De Luca LM. Retinoids and their receptors In differentiation, embryogenesis, and
neoplasia. Faseb J 1991; 5: 2924-2933
DiAugustine RP, Petrusz P, Bell GI, Brown CF, Korach KS, McLachlan JA., Teng CT.
Influences of estrogens' on mouse uterine epidermal growth factor precursor
protein and messenger ribonucleic acid. Endocr.nology 1988; 122: 2355-2363
Diehl JR, Day BN. Effect of prostaglandin F2« on luteal function in swine. J Anim Sci
1974.; 39: 392-396
Dhindsa DS, Dziuk P1. Effect of pregnancy in the pig after killing embryos or fetuses in
one uterine horn in early gestation. J Arum Sci 196881; 27: 668-672
Dhindsa DS, Dziuk PI, Norton HW. Time of transuterine migration and distribution of
embryos in the pig. Anat. Rec 1967; 159: 325-330
Du Mesnil du Buisson F, Mauleon P, Locatelli A, Mariana JC. Modification du monemt
et de t'etalement des oculations apres maitrise du cycle sexual de 181 truie.
Colloque ste Nat Etude Steril Fertil "L'inhibition de l'ovulation". Paris, Masson
1970;225
Dziuk PJ, Polge C, Rowson LE. Intrauterine migration and mixing of embryos in swine
foHowingegg transfer. J Amm Sci 1964; 23: 23-37
73
Dziuk PI. Effect of migration, distribution and spacing of pig embryos on pregnancy and
fetal survival. I Reprod Ferti11985; 33 (Suppl 1): 57-63
Ellicott AR, Dzuik PI. Minimum daily dose of progesterone and plasma concentration for
maintenance of pregnancy in ovariectomized gitts. Bioi Reprod 1973; 9: 300-304
Estill CT, Britt JR, Gadsby JE. Repeated administration of prostaglandin F2a during the
early luteal phase causes premature luteolysis in the pig. BioI Reprod 1993; 49:
181-185
Estrada JL, Jones EE, Johnson BH. Effect of insulin-like growth factor-Ion protein
synthesis in porcine embryonic dis,cs cultured in vitro. J Reprod Fertil 1991; 93:
53-61
Fazleabas AT, Bazer FW, Roberts RM. Purification and properties of a progesterone-
induced plasmin/trypsin inhibitor from uterine secretions of pigs and its
imrnunocytochemicallocalization in the pregnant uterus. J Bioi Chern 1982; 257:
6886-6897
Fazleabas AT, Geisert RD, Bazer FW, Roberts RM. Relationship between release of
plasminogen activator and estrogen by blastocysts and secretion of plasmin inhibits
by uterine endometrium in the pregnant pig. BioI Reprod 1983; 29: 225-238
Fisher DA, Lakshmanan 1. Metabolism and effects ofepidermal growth factor and related
growth factors in mammals. Endocr Rev 1990; 11: 418-442
Fischer HE, Bazer FW, Field MI. Steroid metabolism by endometrial and conceptus
tissues during early pregnancy and pseudopregnancy in gilts. J Reprod Fertil 1985;
75: 669-678
Fliss AB, Michel FI, Chen C-L, Hofig A, Bazer FW, Chou JY, Simmen RCM. Regulation
of the uteroferrin gene promoter in endometrial cells: interactions among estrogen,
progesterone, and prolactin. Endocrinology 1991; 129: 697-704
Flood PF. Steroid-metabolizing enzymes in the early pig conceptus and in the related.
endometrium. J Endocr 1974; 63: 413-414
Flowers n, Cantley TC, Martin MJ, Day BN. Episodic secretion of gonadotropins and
ovarian steroids in jugular and utero-ovarian vein plasma during the fomcular
phase ofthe oestrus cycle in gilts. JReprod Ferti11987; 91: 101-112
Ford SP, Christenson LK. Direct effects of oestradiol-17P and prostaglandin E-2 In
protecting pig corpora luteal from a luteolytic dose of prostaglandin F-2a.. J
Reprod Fertil1991; 93: 203-209
74
Frank M, Bazer FW, Thatcher WW, Wilcox CJ. A study of prostaglandin Fza as the
luteolysin in swine: m. Effects of estradiol valerate on prostaglandin F, progestins,
estrone and estradiol concentrations in the utero-ovarian vein of nonpregnant gilts.
Prostaglandins 1977; 14: 1183-1196
Gadsby JE, Balapure AK, Britt JA, Fitz TA. Prostaglandin F2a. receptors on enzyme-
dissociated luteal cells throughout the estrous cycle. Endocrinology 1990; 126:
781-787
Giguere V, Gng ES, Segui P, Evans RM. Identification of a receptor for the morphogen
retinoic acid. Nature 1987; 330: 624-629
Geisert RD, Brenner RM, Moffatt J, Harney JP, Yellin T, Bazer FW. Changes in
oestrogen receptor protein, mRNA expression and localization in the endometrium
ofcyclic and pregnant gilts. Reprod Fertil Dev 1993; 5: 247-260
Geisert RD, Pratt T, Bazer FW, Mayes JS, Watson GH Immunocytochemical
localization and changes in endometrial progestin receptor protein during the
porcine oestrus cycle and early pregnancy. Reprod Fertil Develop 1994; 6: 749-
760
Geisert RD, Rasby RJ, Minton IE, Wettemann RP. Role of prostaglandins in development
ofporcine blastocysts. Prostaglandins 1986; 31: 191-204
Geisert RD, Renegar RH, Thatcher WW, Roberts RM, Bazer FW. Establishment of
pregnancy in the pig: I. Interrelationships between preimplantation development of
the pig blastocyst and uterine endometrial secretions. Bioi Reprod 1982a; 27:
925-939
Geisert RD, Renegar RH, Thatcher WW, Roberts RM, Bazer FW. Establishment of
pregnancy in the pig: III. Endometrial secertory response to estradiol valerate
administered on day 11 of the estrous cycle. Bioi Reprod 1982b; 27: 957-965
Geisert RD, Yelich N. Regulation of conceptus development and attachment in pigs.
1997
Geisert RD, Zavy MT. Embryonic mortality in swine In "Embryonic mortality in domestic
species". 1994: 53-77
Geisert RD, Zavy MT, Moffatt RJ, Blair RM, Yellin T. Embryonic steroids and the
establishment of pregnancy in pigs. J Reprod Fertil 1990; (SuppI40): 293-305
Geisert RD, Zavy MT, Wettemann RP, Biggers BG. Length of pseudopregnancy and
pattern of uterine protein release as influenced by time and duration of oestrogen
administration in the pig. J Reprod Fertil 1987; 79: 163-172
Godkin JD, Bazer FW, Lewis GS, Geisert RD" Roberts RM. Synthesis and release of
polypeptides by pig conceptuses during the period of blastocyst elongation and
attachment. Bioi Reprod 1982; 27: 977-987
Gorbulev V, Buchner H, Akhundova A, Fahrenhoz F. Molecular cloning and functional.
characterization of V2 [8-lysine] vasopressin and oxytocin receptors from a pig
kidney cell line. Eur JBiochem 1993; 215: 1-7
Graves PE, Pierce KL, Bailey TJ, Rueda BR, Gil DW, Woodward DF, Yool Al, Hoyer
PH, Regan JW. Cloning of a receptor for prostaglandin F2 alpha from the ovine
corpus luteum. Endocrinology 1995; 136: 3430-3436
Greene GL, Gilna P, Waterfield M, Maker A, Hort Y, Shine J. Sequence and expression
of human estrogen receptor and complementary DNA. Science 1986; 231: ] 150-
1154
Gross TS, Lacroix MC, Bazer FW, Thatcher WW, Harney JP. Prostaglandin secretion by
perifused porcine endometrium: further evidence for an endometrium versus
exocrine secretion of prostaglandins. Prostaglandins 1988; 35:327-341
Gupta A, Bazer FW, Jasger LA. Differential expression of beta transforming growth
factors (TGF~l, TGF~2, and TGFP3) and their receptors (Type I and Type II) in
peri-implantation porcine conceptuses. Bioi Reprod 1996; 55: 796-802
Guthrie RD, Lewis GS. Production of prostaglandin F release in vitro and plasma 13, 14-
dihydro-15-keto-prostaglandin F2a by embryonal membranes, endometrium and
lung from gilts. Dom Anirn Endo 1986; 3: 185-198
Hallford DM, Wettemann RP, Turman EJ, Omtvedt LT. Luteal function in gilt after
prostaglandin F2 alpha. J Anim Sci 1974; 38 (Abstr.): 213
Hansel M, Concannon PW, Lukaszewska LH. Corpora lutea of the large domestic
animals. Bioi Reprod 1973; 8,; 222-245
Harney JP, Ali M, Vedeckis WV, Bazer FW. Porcine conceptus and endometrial retinoid-
binding proteins. Reprod Fertil Develop 1994~ 6: 211-219
Hamey JP, Bazer FW. Effect of conceptus and conceptus secretory products on uterine
development in the pig. Reprod Fertil Develop 1990; 2: 179-187
Harney JP, Bazer FW. Effect of porcine conceptus secretory proteins on interestrous
interval and uterine secretion of prostaglandins. BioI Reprod 1989~ 41: 277-284
Harney JP, Mirando MA., Smith Le, Hazer FW. Retinol-binding protein: A major
secretory product ofthe pig conceptus. BioI Reprod 1990; 42: 523-532
76
Harney JP, Ott TL, Geisert RD, Bazer FW. Retinol-binding protein gene expression in
cyclic and pregnant endometrium of pigs, sheep, and cattle. BioI Reprod 1993; 49:
1066-1073
Harney JP, Smith LC, Simmen RCM, Fliss AE, Bazer FW. Retinol-binding protein:
immunolocalization of protein and abundance of messenger ribonucleic acid in
conceptus and maternal tissues during pregnancy in pigs. BioI Reprod 1994~ 50:
1126-1135
Harvey CA, Owen DAA. Effect of histamine of uterine vasculature in rats. Bur J Phann
1979~ 56: 293-299
Heiermann RM, Rentrop M, Lang E, Maelicke A. Cloning of severa] genes coding for
retinoic acid nuclear receptors in the mouse embryonal carcinoma cell line PCC7-
Mza. J Rec Res 1993~ 13: 693
Heley CS, Lee GJ, Ritchie RS. Comparative reproductive performance in Meishan and
Large White pigs and their crosses. J Anim Sci 1995; 60: 259-267
Hibi M, Nakajima K., Hirano T. IL-6 cytokine family and signal transaction: a model of
the cytokine system. J Mol Med 1996~ 74: 1-12
Hilton DJ, Gough NM. Leukemia inhibitory factor: a biological perspective. J Cell
Biochem 1991; 46: 21-26
Hofig A, Michel FJ, Simmen FA, Simmen RCM. Constitute expression of uterine
receptors for insulin-like growth factor-! during the peri-implantation period in the
pig. Bioi Reprod 1991~ 45: 533-539
Hong A, Simmen FA, Hazer FW, Simmen RCM. Effe·cts of insulin-like growth factor-I
on aromatase cytochrome P450 activity and oestradiol biosynthesis in
preimplantation porcine conceptuses in vitro. J Bndocr 1991; 130: 245-250
Hunter RHF. Chronological and cytological details of fertilization and early embryonic
development in the domestic pig, sus scrofa. Anat Rec. 1974 ~ 178: 169-176
Iwai M, Yasuda K, Fulcuolca M, lawai T, Takakura K, Taii S, Nakanishi S, Mori T.
Luteinizing hormone induces progesterone receptor gene expression in cultured
porcine granulosa cells. Endocrinology 1991; 129: 1621-1627
Jmdal R, Cosgrove JR, Aherne FX, Foxcroft GR. Effect of nutrition on embryonal
mortality in gilts: association with progesterone. J Anim Sci 1996; 74: 620-624
Jones K, Gadsby IE. PGh, PGE2, and PGF2a production by porcine luteal cells: evidence
ofcellular interactions. Bioi Reprod 1993; Suppl. 48: 62 (abstract 15).
77
Katsahambas S, Hearn MT. Localization of basic fibroblast growth mRNA (FGF-2
mRNA) in the uterus of mated and unmated gilts. J Histochem Cytochem 1996~
44: 1289-1301
Kennedy TG, Brown KD, Vaughan TJ. Expression of the genes for the epidermal growth
factor receptor and its ligands in porcine corpora lutea. Endocrinology 1993~ 132:
1857-1859
Kennedy TG, Brown KD, Vaughan TJ. Expression of the genes for the epidermal growth
factor receptor and its ligands in porcine oviduct and endometrium. BioI Reprod
1994; 50: 751-756
Kennedy TG, Key JK, King GJ. Endometrial prostaglandin E2-binding sites in the pig:
characterization and changes during the estrous cycle and early pregnancy. BioI
Reprod 1986~ 35: 624-632
Keys JL, King GJ. Morphological evidence for increased uterine vascular permeability at
the time of embryonic attachment in the pig. Bioi Reprod 1988; 39: 473-487
Keys JL, King G1. Structural changes in the luminal epithelium of the porcine uterus
between days 10 and 19 of the estrous cycle. Amer I Anat 1989; 185: 42-57
Keys JL, King GJ. Microscopic examination of porcine conceptus-maternal interface
between days 10 and 19 of pregnancy. Amer J Anat 1990; 188: 22]-238
Keys JL, King GJ. Effects of tropical and systemic estrogen on morphology of porcine
uterine luminal epithelia. Bioi Reprod 1992; 46: 1165-1175
Kieborz KR, Silvia WI, Edgerton LA. Changes in uterine secretion of prostaglandin F2a
and luteal s,ecretion of prog,esterone in response to oxytocin during the porcine
estrous cycle. Bioi Reprod 1991; 45, 950-954.
Kim GY, Besner GE, Steffen eL, Mccarthy DW, Downing MT, Luquette Nll.I, Abad MS,
Brigstock DS. Purification of heparin-binding epidermal growth factor~like
growth factor from pig uterine luminal flushings, and its production by endometrial
tissues. BioI Reprod 1995; 52: 561-571
King GJ, Atkinson BA, Robertson HA. Implantation and early placentation in domestic
ungulates. JReprod Fertil 1982; (Suppi 31): 17-30
King GJ. Comparative placentation in ungulates. J Exp Zool 1993; 266: 588-602
Knight JW, Hazer FW, Wallace lID. Hormonal regulation of porcine uterine protein
secretion. J Arum Sci 1973; 36: 546-553
78
Koji T, Chedid M, Rubin JS, Slayden OD, Csaky KG, Aaronson SA Progesterone-
dependent expression of keratinocyte growth factor mRNA in stromal cells of the
primate endometrium: keratinocyte growth factor as a progestomedin. J CeU BioI
1994; 125: 393-401
Kraeling RR., Rampacek GB, Fiorello NA. Inhibition of pregnancy with indomethacin in
mature gilts and prepubertal gilt induced to ovulate. Bioi Reprod 1985~ 32: 105-
110
Krust AP, Kastnet M, Zelent PA, Chambon P. A third human retinoic acid receptor,
bRAR-y. Proc Natl Acad Sci USA 1989~ 86: 5310-5324
Krzymowske T, Kotwica J, Okrasa S, Doboszynska T, Ziecik A. A luteal function in
sows after unilateral infusion of PGF2a. into the anterior uterine vein on different
days ofthe oestrous cyde. JReprod Fertill978~ 11: 737-743
La Bonnardiere C, Martinat-Botte F, l'erqui M, Lefevre F, Zouari K, Martal J, Hazer FW.
Production of two species of interferon by Large White and Meishan pig
conceptuses during the peri-attachment period. J Reprod Ferti11991~ 91: 469-478
Lee GJ, Ritchie M, Thomson M, Macdonald AA, Blasco A, Santacreu MA, Argente MJ,
Heley CS. Uterine capacity and prenatal survival in Meishan and Large White
pigs. J Anim Sci 1995~ 1: 471-479
Lemon M, Loir M. Steroid release in vitro by two luteal cell types in the corpus luteum of
the pregnant sow. JEndocr 1977; 72: 351-359
Lemon M, Mauleon P. Interaction between two luteal cell types from the corpus luteum
of the sow in progesterone synthesis in vitro. J Reprod Fertil1982~ 64: 315-323
Letcher R, Simmen RCM, Bazer FW, Simmen FA Insulin-like growth factor-I expression
during early conceptus development in the pig. Bioi Reprod 1989, 41: 1143-1151
Liptrap RM, Raeside IT. Lutdnizing hormone activity in blood and urinary oestrogen
excretion by the sow at oestrus. and ovulation. J Reprod Fertil 1966~ 11: 439-464
Ludwig IE, Sun BC, Kevin G, Carnahan KG, Uzumcu M, Yelich JV, Geisert RD,
Mirando MA. Endometrial responsiveness to oxytocin during diestrus and early
pregnancy in pigs is not controlled by changes in oxytocin receptor population
density. 1997; Endocrinology (Submitted)
Marchese C, Rubin J, Ron D. Human keratinocyte growth factor activity on proliferation
and differentiation of human keratinocytes: differentiation response distinguishes
KGF from EGF family. J Cell Physio 1990~ 144: 326-332
79
Maule Walker FM, Patek CE, Leaf CF, Watson LL. The metabolism of prostaglandins
F2a and ~ by non-pregnant porcine endometrial and luteal tissue and early
pregnant pordne endometrial tissue, luteal tissue and conceptuses in vitro.
Prostaglandins 1977; 3: 557-562
McCrae AC. The blood-uterine lumen barrier and exchange between extraceUular fluids.
JReprodFertil1988; 82: 857-873
Moeljono MPE, Thatcher WW, Bazer FW, Frank M, Owens LJ, Wilcox CJ. A study of
prostaglandin F2a as the luteolysin in swine: II. Characterization and comparison
of prostaglandin F, estrogens and progestin concentrations in utero-ovarian ve.in
plasma of nonpregnant and pregnant gilts. Prostaglandins 1977; 14: 543-555
Morgan GL, Geisert RD, Zavy MT, Fazlebas AT. Development and survival of pig
blastocysts after oestrogen administration and on Day 9 or Days 9 and 10 of
pr'egnancy. J Reprod Ferti11987; 80: 133-141
Morgan GL, Gesiert RD, Zavy MT, Shawley RV, Fazlebas AT. Development of pig
blastocysts in an uterine environment advanced by exogenous oestrogen. J Reprod
Fertil1987; 80: 125-131
Mulheron GW, Mulheron IG, Danielpour 0, Schomberg DW. Porcine granulosa ceIJs do
not express transforming growth factorf)2 (TGF~2) messenger ribonucleic acid:
Molecular basis for their inability to produce TGF~ activity comparable to that of
rat granulosa cells. Endocrinology 1992; 131: 2609-2614
Mullins DE, Bazer FW, Roberts RM. Secretion of a progesterone-induced inhibitor of
plasminogen activator by the porcine uterus. Cell 1980; 20: 865-872
Murphy CR, Swift JG, Mukherjee TM, Rogers AW. Effect of ovarian hormones on cell
membranes in the rat uterus. Cell Biophysics 1981; 3: 57-69
Murray FA, Bazer FW, Rundell JW, Vincent CK, Wallace lID, Warnick AC.
Developmental failure of swine embryos restricted to the oviductal environment. J
Reprod Fertil1971; 24: 445-448
Murray FA, Bazer F. W, Wallace lID, & Warnick AC. Quantitative and qualitative
variation in the secretion of protein by the porcine uterus during the estrous cycle.
Bioi Reprod 1972; 7: 314-320
Nara BS, Darmadja D, First NL. Effect of removal of follicles, corpora lutea or ovaries
on maintenance ofpregnancy in swine. J Anim Sci 1981; 52: 764-801
80
Niswender GD, Nett TM. The corpus luteum and its controL In: The physiology of
Reproduction. (Knobil E, Neill J, Ewing LL, Greenwald GS, Markert CL, and
PfaffDW, eds). Raven press, New York. 1988; 489-525
Olofesson J, Leung PC. Auto/paracrine role of prostaglandins in corpus luteum function.
Mol Cell Endocr 1994;. 100: 87-91
Okano A, Okuda K, Takahashi M, Schams D. Oxytocin receptors in the porcme
endometrium during the estrous cycle and early pregnancy. Anim Reprod Sci
1996; 41: 61-70
Parlow AF, Anderson LL, Melampy RM. Pituitary foUicle stimulating honnone and
luteinizing hormone concentrations in relation to reproductive stages of the pig.
Endocrinology 1964; 75: 365-376
Petraglia F, Florio P, Nappi C, Genazzani AR. Peptide signaling in human placenta and
membranes autocrine, paracrine, and endocrine mechanisms. Endocr Rev 1996;
17: 156-188
Perry JS. The mammalian fetal membranes. JReprod Fertil1981; 62: 321-335
Perry JS, Heap RB, Amoroso Ee. Steroid hormone production by pig blastocysts.
Nature 1973; 245: 45-51
Perry IS, Heap RB, Burton RD, Gadsby JE. Endocrinology of the blastocyst and its role
in the establishment ofpregnancy. J Reprod Fertit 1976; (Supp125): 85-104
Perry IS, Rowlands IW. Early pregnancy in the pig. I Reprod Fertil 1962~ 4: 175-188
Polge C. Embryo transplantation and preservation. In "Control of pig reproduction"
(Cole DJA, and Foxcroft GR, eds). Butterworth Scientific, London 1982; 277-
291
Polge C, Rowson LEA, Chang MC. The effect of reducing the number of embryos during
early stages of gestation of the maintenance of pregnancy in the pig. J Reprod
Fertil1966; 12: 395-391
Pollard JW, Bartocci A, Arced R, Orlofsky A, Aldner:MB, Stanley ER. Apparent role of
the macrophage growth factor, CSF-1, in placental development. Nature 1987;
330: 484-486
Pope WF, Lawyer MS, First NL. Intrauterine migration of the porcine embryo:
coordination of bead migration with estradiol. J Anim Sci 1986; 63: 848-853
-?......
81
Pope WF, Lawyer MS, First NL The effect of exogenous estradiol on litter size in a
typical swine herd. Theriogenology 1987; 28: 9-14
Pope WF, Maurer RR, Stormsbak F. Intrauterine migration of the porcine embryo:
interaction of embryo, uterine flushings and indomethacin on myometrial function
in vitro. J Anim Sci 1982a; 55: 1169-1178
Pope WF, Maurer RR, Stormshak F Intrauterine migration of the porcine embryo:
influence ofestradiol-17{3 and histamine. BioI Reprod 19&2; 27: 575-579
Pope WF. Embronic mortality in swine. In "Embryonic mortality in domesti.c species".
(ZavyMT, and GeisertRD,eds). CRCPress, Boca Raton, 1994; 53-78
Pope WF, First NL. Factors affecting the survival of pig embryos. Theriogenology 1985;
23: 91-105
Pope WF, Maurer RR, Stormshak F Intrauterine migration of the porcine embryo-
interaction of embryo: Influence of estradiol-17r3 and histamine. BioI Reprod
1982a;27: 575-579
Pope WF,. Maurer RR, Stormshak F. Intrauterine migration of the porcine embryo-
Interaction of embryo: uterine flushing and indomethacin on myometrial functi.on
in vitro. J Anim Sci 1982b; 55: 1169-117&
Prentice A, Matthews CJ, Thomas EJ, Redfern CPo The expression of retinoic acid
receptors in cultured human endometrial stromal cells and effects of retinoic acid.
Hum Reprod 1992; 7: 692-700
Printz VJ, Silvia WJ, Edgerton LA. Changes in peripheral concentrations of 13, 14-
dihydro-15-keto-prostaglandin F2a induced by progesterone in swine. J Anim Sci
1994; 72: 459-463
Puissant C, Houdebire LM. An improvement of the single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol chloroform extraction. Biotechniques
1990; 8: 147-149
Pusateri AE, Rothsch.ild MF, Warner eM, Ford SP. Changes in morphology, cell size and
cellular estrogen content of individuallittermate pig conceptuses on day 9 to 13 of
gestation. J Anim Sci 1990; 68: 3727-3735
Rappolee DA, Wang A, Mark D, Werb Z. Novel methods for studying mRNA
phenotypes in single numbers of cells. J Cell Btochem 19&9; 39: 1-11
Reich-Slotky R, Bonneh-Barkay D, Shaoul E. Differential effect of ceU-assod~t~
heparin sulfates on the binding of keratinocyte growth factor (KGF) and aCIdiC
82
fibroblast growth factor to the KGF receptor. J BioI Chern 1994; 269: 32279-
32285
Roberts AB, Sporn:ME. Transforming growth factor-betas: A large family of
multifunctional regulatory proteins. J Anim Sci 1988; 66 (Suppl 3): 67
Roberts RM, Bazer FW. The properties, function and control of synthesis of uteroferrin,
the purple protein of the pig uterus. In Steroid Induced Proteins Ed. M. Beato.
Elsevier-North Holland, Amsterdam 1980; 133-149
Roberts RM, Bazer FW. Uteroferrin: a protein in search of a function. Bio Essays 1984,
1: 8-11
Roberts RM, Raub TJ, Bazer FW. Role of uteroferrin in transplacental iron transport in
the pig. Fed Proc Fed Am Socs exp BioI 1986,45: 2513-2518
Roberts RM, Xie S, Mathialagan N. Maternal recognition of pregnancy. Bioi Reprod
1996; 54: 294-302
Roberts RM, Xie S, Trout, WE. Embryo-uterine interactions in pigs during week 2 of
pregnancy. JReprod Ferti11993; 48: 171-186
Robertson HA, King G1. Plasma concentrations of progesterone, oestrone, oestradiol-
17p" and of oestrone sulphate in the pig at implantation, during pregnancy and at
parturition. J Reprod Fertil 1974; 40: 133-141
Sakamoto K, Ezashi T, Miwa K, Okuda-Ashitaka E, Houtani T, Sugimoto T, Ito S,
Hayaaishi O. Molecular cloning and expression of a cDNA of the bovine
prostaglandin F2 alpha receptor. J BioI Chern 1894; 269: 3881-3886
Samuel CA, Perry IS. The ultrastructure of pig trophoblast transplanted to an ectopic site
in the uterine wall. J Ana 1972; 113: 139-149
Schultz JR, Speer ve, Hays VW, Melampy RM. Influence of feed intake on reproductive
performance in gilts. J Anim Sci 1966; 25: 157-160
Sider X, Zimmermann W, Leiser R. Das normale zyklische Geschen in Endometrium des
Schweines. 1986
Simmen ReM, Simmer FA, Ko Y, Bazer FW. Differential growth factor content of
uterine luminal fluids from Large White and prolific Meishan pigs during the
estrous cycle and early pregnancy. J Anim Sci 1989; 67: 1538-1545
Sherr C1. Colony-stimulating factor-I. Blood 1990; 75: 1-12
83
Short EC, Geisert RD, Groothuis PG, Blair, Schmitt RAM, Fulton RW. Porcine
conceptus proteins: antiviral activity and effect on 2', 5' -oligoadenylate synthetase.
BioI Reprod 1992; 46: 464-469
Siegfried S, Pekonen F, Nyman T, Ammala M. Expression of mRNA for keratinocyte
growth factor and its receptor in human endometrium. Acta Obstet Gynecol
Scand 1995; 74: 410-414
Simmen RCM, Baumbach GA, Roberts RM. Molecular cloning and temporat expression
during pregnancy of the messenger ribonucleic acid encoding uteroferrin, a
progesterone-induced uterine secretory protein. Mol Endocr 1988b; 2: 253-262
Simmen ReM, Simmen FA, Geisert RD, Martinat-Botte F, Bazer FW, Terqui M.
Differential expression, during the oestrus cycle and pre- and postimplantation
conceptus development, of messenger ribonucleic acids encoding components of
the pig uterine insulin-like growth factor system. Endocrinology 1992; 130: 1547-
1556
Simmen ReM, Simmen FA, Hofig A, Farmer SI, Bazer FW. Hormonal regulation of
insulin-like growth factor gene expression in pig uterus. Endocrinology 1990;
127: 2166-2174
Simmen RCM, Simmen FA. Insulin-like growth factors and blastocyst development.
Theriogenology 1993; 39: 163-175
Spies HG, Zimmerman DR, Self lll..., Casida LE. The effect of exogenous progesterone
on formation and maintenance of the corpora lutea and on early embryo survival in
pregnant swine. J Anim Sci 1959; 18: 163-172
Spies HG, Slyter AL, Quadri SK. Regression of corpora lutea in pregnant gilts
administered antiovine LH rabbit serum. J Anim Sci 1967; 26: 768-771
Sporn HW, Van der Lende T. Transforming growth factor-~: Biological function and
chemical structure. Science 1986; 233: 532-534.
Stallings-Mann ML, Burke MG, Trout WE, Roberts RM. Purification, characterization,
and cDNA cloning of a Kunitz-type proteinase inhibitor secreted by the porcine
uterus. J Bioi Chern 1994; 269: 24090-24094
Stroband HWJ, Taverne N, Langenfeld K, Barends PMG. The ultrastructure of the
uterine epithelium of the pig during the estrous cycle and early pregnancy. Cell
Tissue Res 1986; 246: 81-89
Stroband HWJ, Van der Lende T. Embryonic and uterine development during early
pregnancy. J Reprod Fertill990; 40: 261-277
&4
Taya K, Kaneko H, Takedomi T, Kishi H, Watanabe G. Role of inhibin in the regulation
of FSH-secretion and foUiculogenesis in cows. Anim Reprod Sci 1996' 42: 563-
570 '
Thompson IN, Howell JM, Pitt GAJ. Vitamin A and reproduction in rats. Proc R Soc B
1964; 195: 510-535
Trout WE, McDonnell JJ, Kramer KK, Baumbach GA, Roberts RM. The retinol-binding
protein of the expanding pig blastocyst: molecular cloning and expression in
trophetoderm and embryonic disc. Mol Endoer 1991; 5: 1533-1540
Trout WE, Hall JA, Stallings-Mann ML, Galvin 1M, Anthony RV, Roberts RM. Steroid
regulation of the synthesis and secretion of retinol-binding protein in the uterus of
the pigs. Endocrinology 1991; 130: 2557-2564
Trout WE, S,mith GW, Gentry PC, Galvin 1M, Keisler DH. Oxytocin secretion by the
endometrium of the pig during maternal recognition of pregnancy. Bioi Reprod
1995; 52: 189 Abstract.
Tso J, Sun T, Kao T, Reece KS, Wu R. Isolation and characterization of rat and human
glyceraldehyde-3-phosphate dehydrogenase cDNAs: genomic complexity and
molecular evolution ofthe gene. Nuc Adds Res 1985; 13: 2485
Tuo W, Harney JP, Bazer FW. Colony-stimulating factor-I in conceptus and uterine
tissues in pigs. BioI Reprod 1995; 53: 133-142
Van de Wiel DFM, Erkens J, Koops W, Vos, E, Van Landeghem AAJ. Periestrous and
midluteal time courses of circulating LH, FSH, prolactin, estradiol-17f} and
progesterone in the domestic pig. Bioi Reprod 1981; 24: 223-233
Vallet JF, Harold GK, Christenson RK. Effect of the conceptus and lack of effect of
uterine space on endometrial protein secretion during mid-gestation in swine. Bioi
Reprod 1994; 51: 748-754
Vallet JL. Technical note: a radioimmunoassay for porcine retinol binding protein. J
AullmSci 1995; 72:2449-2454
Vallet JL. Uteroferrin induces lipid peroxidation in endometrial and conceptus
microsomal membranes and is inhibited by apotransferrin, retinol binding protein,
and uteroferrin-associated proteins. BioI Reprod 1995; 53: 1436-1445
Vallet JL Christenson RK McGuire WI. Association between uteroferrin, retinol-binding
p;otein, and tran;ferrin with the uterine and conceptus compartments during
pregnancy in swine. BioI Reprod 1996; 55: 1172-1178
85
Vaughan TI, PascalI Ie, Brown KD. Tissue distribution for heparin-binding epidermal
growth factor. Biochem J 1992, 287: 681-684
Whiteaker SS, Mirando MA, Becker WC, Hostetler CEo Detection of functional oxytocin
receptors on endometrium of pigs. Bioi Reprod 1994; 51: 92-98
Whiteaker SS, Mirando MA, Becker WC. Relationship between phosphoinositide
hydrolysis prostaglandin F2a. secretion in vitro :from endometrium of cyclic pigs on
day 15 postestrus. Dom AnimEndo 1995; 12: 95-104
Whyte A, Robson T. Saccharides localized by florescent lectins on trophectoderm and
endometrium prior to implantation in pigs, sheep and equids. Placenta 1984; 5:
533-540
Wiesak T, Hunter MG, Foxcroft GR. Effect of prostaglandins on luteal function during
early pregnancy in pigs. J Reprod Fertil 1992; 95: 831-840
Wildt DE, Culver AA, Morcom CB, Dukelow WR. Effect of administration of
progesterone and oestrogen on litter size in pigs. J Reprod Fertil 1976, 48: 209-
211
Wislocki GB, Guttamacher AF. Spontaneous peristalsis of excised whole uterus and
fallopian tubes of the sow with reference to ovulation. Bull. Johns Hopkins Hosp.
1924;35: 246
Yelich IV, Pomp D, Geisert RD. Expression of retinoic acid receptors, retinol binding
protein, and transforming growth factors during rapid trophoblastic elongation in
the porcine conceptus. BioI Reprod 1997; 57: 126-134
Yelich IV, Pomp D, Bergwerff PM, Geisert RD. Ontogeny of elongation and gene
expression in the early developing porcine conceptuses. Bioi Reprod 1997 (In
press)
Young KH, Kraeling RR, Hazer FW. Effect of pregnancy and exogenous ovarian steroids
on endometrial prolactin receptor ontogeny and uterine secretory response in pigs.
Bio~ Reprod 1990; 43: 592-599
Youngs CR, Christenson LK, Ford SP. Investigations into the control of litter size in
swine: TIl a reciprocal embryo transfer study of early conceptus development. J
Anim Sci 1994; 72: 725-731
Yuan W, Connor ML, Buhr 'M:M. Responsiveness of porcine large and small luteal cells
to luteotropic or luteolytic hormones and cell morphologic changes during the
estrous cycle and pregnancy. J Anim Sci 1993; 71: 481-491
86
Zavy MT, Roberts RM, Bazer FW. Acid phosphatase and leucine aminopeptidase activity
in the uterine tlushings of non-pregnant and pregnant gilts. J Reprod Fertil 1984~
72: 503-507
Zelent A, Krust A, Petk:ovich M, Kastner P, Chambon P. Cloning of murine a. and J3
retinoic acid receptors and a novel. receptor y predominant1.y expressed in skin.
Nature 1989~ 339: 714
Zhang Z, Paria BC, Davis DL. Pig endometrial cells in primary culture: morphology,
secretion of prostaglandins and proteins, and effects of pregnancy. J Anim Sci
1991~ 69: 3005-3015
Zhang Z, Paria BC, Davis DL. Epidermal growth factor receptors in porcine
endometrium: binding characteristics and 'the regulation of prostaglandin E and F-2
alpha production. BioI Reprod ]992: 46: 932-936
. Zurzolo C, Le BA, Quaroni.A, Nitsch L, Rodriguez BE. Modulation oftranscytotic and
direct targeting pathways in a polarized thyroid cell line. Embryo J 1991; 11 ~
2337-2344.
V· "r-ita
Bee-ChuD Sun
Candidate for the Degree of
Master of Science
Thesis: ENDOMETRIAL GENE EXPRESSION DURING THE ESTROUS
CYCLE AND EARLY PREGNANCY IN SWINE
Major Field: Animal Science
Biographical Data:
Education:
Hualien Girl Senior High Schoo), June 1990
Chinese Culture University, B. S., June 1994
Oklahoma State University, M. S., July 1997
Experience:
Secretary in Na-San company and tutor in Math and Chinese (Mandarin)
during Summer in 19911employed by the Pig Research Institute, Taiwan
during Winter in 1992/worked at Taipei City Zoo from Aug 1992 to July
1993/intemship at the Pig Research Institute, Taiwan during Winter in
1993/worked for Dr. R. S. Lin, Dr. S. Y. Wang, and Dr. L. S. Wu from
Dec 1993 to June 1994.
Scholarship Awarded:
Chung Hsin Scholarship/Hwa Kang ScholarshiplHang-te Scholarship/ Dr.
S. C. Chiaand Mrs. T. A. Di ScholarsrnplHualien Outstanding Young
P,eople ScholarshipiHualien the First Trust Bank Scholarship, etc. between
]990 and 1994 provided in Taiwan, R. O. C.
Professional Organization:
Animal Science Association at CCU
Chinese Student Association at asu
